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Nitrates of Purpureocobalt. 
? In our joint memoir, Genth and I 

assigned the anhydrous nitrate, Co2(NH3)10(NO3)6, to the roseocobalt 

series, upon the ground that with certain reagents it forais salts iden 

tical with those which the hydrous nitrate, Co2(NH3)10(NO3)6-f-2OH2, 

yields under the same circumstances. I am now satisfied that this 

salt belongs in reality to the purpureocobalt series, partly because it 

exhibits toward the hydrous nitrate relations precisely analogous to 

those which exist between Co2(NH3)10Cl6 and Co2(NH3)10Cl6-f-2OH2, 
and partly because, while a few of its reactions correspond with 

those of the hydrous salt, the greater number agree with those of the 

anhydrous chloride. By dissolving the normal nitrate of purpureo 
cobalt in water containing ammonic nitrate in large quantity, with a 

little free ammonia, Genth and I obtained a new salt in beautiful 

violet-red talcose scales, readily decomposed by solution in water. 

The formula of this salt is most probably 

Co2(NHs)10.O.(NO3)4+6OH2, 
as the following analyses appear to show : ? 

0-0675 gr. gave 0-0303 gr. S04Co = 17-08% cobalt. 
0-0729 gr. gave 0-0333 gr. SG4Co = 17-18% cobalt. 
0-0769 gr. gave 0-0343 gr. S04Co= 17-16% cobalt. 
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2 PROCEEDINGS OF THE AMERICAN ACADEMY 

0-5480 gr. gave 161-75 c.c. nitrogen (moist) at 10?-3 C and 755-4mm 

(h=zll8-8mm) = 29-82%. 
0-5171 gr. gave 0-2955 gr. water = 

6-36% hydrogen. 
0-4590 gr. gave 0-2699 gr. water = 

6*54% hydrogen. 

Calculated. Found. 

Cobalt, 2 17-87 17-08 17-18 17-16 

Nitrogen, 14 29-69 29-82 

Hydrogen, 42 6-36 6-36 6-54 

Oxygen, 19 46-06 ? ? 

The analyses are those made with the salt originally prepared by 
Genth and myself, as I have not succeeded in obtaining it a second 

time. The deficiency in the cobalt is perhaps to be attributed to the 
small quantity of salt at my disposal for analysis. Admitting the cor 

rectness of the formula, the scaly nitrate belongs to the basic series of 

purpureo-salts, of which the chromate already described, Co2(NH3)10.O. 

(Cr04)2, furnishes an example. Its structural formula will then be, as 

compared with that of the normal nitrate : ? 

Co,^ 

NH3?N03 

NH3?NH3?N03 
NH3-NH3 0 Co 
NH3-NH3>U 

^?2 

NH8?NH3?N03 

NH8?N08 

NH3?NH3?N03 
NHo?NH8?N08 

NH??NHo?NOg 
NHg?NHg?NOg 
NHg?NOg ;nh? N03 

The formation of the basic nitrate may be expressed by the equation : ? 

Co2(NHg)10(NOg)6+2NH3+OH2 = Co2(NH3)10.O. (N03)4+ 
2NH4.NOs. 

The readiness with which it is decomposed by water renders it impossi 
ble to determine the reactions of the salt ; but, as I find that chloride of 

purpureocobalt is formed with evolution of chlorine when it is boiled with 

chlorhydric acid, we have at least some positive evidence in favor of 

the view which I have taken. The marked effervescence which oc 

curs on boiling the nitrate with chlorhydric acid is precisely similar in 

character to that which takes place when ammonic nitrate is heated 

with the same acid. The normal nitrate of purpureocobalt furnishes 

by far the most convenient method of passing from the purpureo-series 
to the roseo-series. It is only necessary to dissolve the salt in a solu 

tion of ammonia, and then to allow this solution to flow slowly into 

moderately strong nitric acid, surrounded with ice or snow so as to 

prevent any sensible rise of temperature. The nitrate of roseocobalt 

separates immediately as a red crystalline precipitate, nearly insoluble 
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in the excess of nitric acid. From this salt many other salts of the 

roseo-series may be prepared with facility. 
Chloro-nitrate of Purpureocobalt. 

? Acid sulphate of roseocobalt 

not free from chloride of purpureocobalt was treated in the cold with 

a solution of potassic nitrite and nitrate. After standing some days a 

red mother liquor was formed, together with a mixture of a red crystal 
line salt, and a bright yellow powder. On filtering and washing with 
hot water, a fine violet liquid was obtained, which, on standing, gave* 

very well-defined large octahedral crystals of a deep cherry-red color. 

The crystals were easily soluble in hot water, and contained only a 

trace of sulphuric acid. Qualitative analysis showed the presence of 

chlorine, nitric teroxide, cobalt, and ammonia. The salt gave the 

reactions of nitrate or chloride of purpureocobalt with more or less 

distinctness. Of this salt, 

0*4515 gr. gave 0*1516 gr. silver = 8*30% chlorine. 

0*4000 gr. gave 0-1332 gr. silver = 8*23% chlorine. 

0-4809 gr. gave 0-2397 gr. S04Co = 18-98% cobalt. 
0-4448 gr. gave 0-2228 gr. S04Co = 19-07% cobalt. 
1-0770 gr. gave 0-4650 gr. water = 

4*79% hydrogen. 

The formula Co2(NH3)10Cl3(NO3)3+Co2(NH3)10(NO3)6 requires 

Calculated. Found. 

Cobalt, 4 19-28 18-98 19-07 
Chlorine, 3 8-55 8'30 8-23 

Hydrogen, 60 4-80 4*79 

I can assign no plausible explanation of the formation of the chloro 

nitrate under the circumstances, and did not succeed in obtaining the 

salt by mixing the chloride and nitrate of purpureocobalt in the proper 

proportions, and allowing the mixed solutions to stand. The crystals 
formed always consisted principally of the chloride. I was not more 

successful in the attempt to form a chloro-nitrate with the formula, 

Co2(NH3)10(NO3)3Cl8, by mixing solutions of the chloride and nitrate, 
the chloride crystallizing from the mixture unchanged. I remark, 

however, that as the acid sulphate employed contained chlorine, prob 

ably as undecomposed chloride of purpureocobalt, and as the potassic 
nitrite contained also nitrate, the reaction must have been between the 

chloride and nitrate. Two chloro-nitrates of roseocobalt have been 

observed by Krok, in combination with mercuric and platinic chlorides, 
the salts having respectively the formulas Co2(NH8)10(NO3)3Cl3-f 
3HgCl2 and Co2(NH3)10(NO3)2Cl4+2PtCl4. 
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Tungstate. 
? When chloride of purpureocobalt is boiled with sodic 

tungstate, W04Na2, it is quickly converted into a violet granular 

crystalline mass, which, after washing with cold water, is perfectly free 

from chlorine. When dried in vacuo over sulphuric acid, the crystals 
have a fine deep violet color. The salt is but slightly soluble in either 

cold or boiling water, even in presence of free nitric acid. It dissolves 

readily in a solution of sodic or ammonic carbonate ; the solutions have 

a fine violet color. Of this salt, 

1-0294 gr. gave 0-5418 gr. W03 (by mercurous nitrate) = 56*26% 
WO, 

2-3912 gr. gave 1-7163 gr. W04Co (by careful ignition) = 75-96%. 
The formula Co2(NH3)10.O.(WO4)2 requires 55-ll%W04 and 76-75% 

W04Co. 

The salt cannot be recrystallized, and was therefore probably not 

absolutely pure. 
Oxalo-chloride. ? When a solution of ammonic oxalate is added to 

one of chloride of purpureocobalt, violet needles are soon deposited, 
which Genth and I considered as the normal oxalate of this series, and 

to which we gave the formula, as we should now write it : ? 

Co2(NH3)10.O.(C2O4)2+3OH2. 
Two determinations of cobalt and one of oxalic acid agreed very 

closely with this formula. Krok * 
subsequently discovered that this salt 

contains chlorine, and he assigns to it the formula : ? 

Co2(NH3)10Cl2(C2O4)2. 

On carefully re-examining this salt, I find that the percentage of 

chlorine varies considerably in different preparations. Thus : ? 

j" 
0-7108 gr. gave 0*2512 gr. silver = 

11-61% chlorine. 

(0-3627 gr. gave 0-2186 gr. S04Co = 22-95% cobalt. 
(0-5093 gr. gave 0*2930 gr. S04Co 

= 
21-90% cobalt. 

X 0*5768 gr. gave 0*2244 gr. silver = 
12-78% chlorine. 

It is therefore probable that the chloro-oxalate contains as an admix 

ture a greater or less percentage of another oxalate, possibly Co2(NH3)10. 

0.(C204)2. I did not succeed in obtaining this salt from nitrate of 

purpureocobalt and ammonic oxalate, the reaction resulting only in 

* Acta Univ. Lund. 1840. I believe that this is the only error which has 
been detected in the first part of this paper. 
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the formation of oxalate of roseocobalt, 
? a result possibly due to the 

presence of a little free ammonia. The chloro-oxalate does not appear 
to unite with metallic chlorides. It reduces gold from auro-chloride 

of sodium, AuCl4Na, while with platinic chloride it forms only the 

ordinary chlorplatinate, Co2(NH3)10Cl6-(-2PtCl4, and with mercuric 

, chloride the anhydrous 6-atom salt, Co2(NH3)10Cl6-|-6,IIgCl2. In this 

respect it differs remarkably from the oxalate of roseocobalt, which, as 

I shall show, forms a well-defined salt with platinic chloride. The 

chloro-oxalate dissolves readily in a hot solution of oxalic acid, and 

crystallizes in violet needles which contain chlorine, and which appear 
to be an acid chloro-oxalate. 

Neutral Sulphate. 
? Schiff has described a violet-colored very 

slightly soluble sulphate which he obtained, together with sulphate 
of luteocobalt, by the action of an alcoholic solution of ammonia upon 

Fr?my's sulphate of fusco-cobalt. To this salt Schiff gives a formula 

corresponding with 

Co2(NH3)10.O.(SO4)2+3OH2. 

This would be the basic sulphate corresponding to the chromate which 

I have described, and which has the formula Co2(NH3)10.O.(CrO4)2. 
By the action of baric chloride upon this sulphate, Schiff obtained, as 

he asserts, a new chloride with the formula : ? 

Co2(NH8)10.O.Cl4+3OH2, 

which he regards as the true chloride of the purpureocobalt series. 

From what I have already said, the existence of such a basic sulphate 
and chloride may be regarded as not merely possible but probable. 
On the other hand, Braun, on repeating Schiff 's experiments, obtained 

wholly different results. The action of ammonia upon salts of fusco 

cobalt yielded him only the ordinary salts of purpureocobalt, together 
with salts of luteocobalt. Further researches are therefore needed to 

establish the existence of Schiff's salts. In a single experiment I 

obtained a small quantity of a salt which appears to be the neutral 

sulphate of purpureocobalt. A mixture of cobaltic sulphate with 

excess of ammonia water was allowed to stand some weeks with fre 

quent agitation. The deep-red solution was filtered and precipitated 

by alcohol. The heavy red liquid thrown down became solid after a 

time. Cold water dissolved the larger portion of this mass, but left a 

beautiful violet crystalline powder, which was washed on a filter till 

the washings had a fine clear violet tint, and dried in vacuo over 

S04H2 for some days. Of this salt, 
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0-4392 gr. gave 0-2332 gr. S04Co = 20-21% cobalt 
0-7952 gr. gave 0.92O8 gr. S04Ba= 47-71% S04. 

These analyses lead to the formula : ? 

Co2(NH3)10(SO4)8+OH2. 
Calculated. Found. 

Cobalt, 2* 20-27 20-21 

SO,, 3 47-42 47-71 

The results of the analyses agree well with the formula given ; but it 

is possible that the salt, which was not recrystallized, contained some 

small impurity, and that it is really anhydrous, like the normal chloride 

and sulphate. The sulphate is but slightly soluble in cold water, but 
dissolves rather easily in hot water, forming a beautiful violet solution. 

Auro-chloride of sodium gives a beautiful crystalline orange-red pre 

cipitate with a solution of the sulphate, differing apparently from the 

corresponding salt of roseocobalt. In this salt, 

0-2698 gr. gave 0-0924 gr. gold = 34-24%. 

This percentage of gold corresponds very closely to that required by 
the formula, Co2(NH3)10(SO4)2Cl2-f-2AuCl3, which is 34-02. The 

sulphato-chloro-aurate of roseocobalt has, as I shall show, the formula 

Co2(NH3)10(SO4)2Cl2-|-2AuCl3-f-4OH2, the purpureo-salt showing, as 

usual, a less disposition to unite with water of crystallization. The 

above results were obtained with only three grammes of material ; but 

they are sufficient, I think, to make it at least probable that the violet 

salt in question is the true sulphate of purpureocobalt. 

Pyrophosphate. 
? Sodic pyrophosphate gives a lilac or rose colored 

precipitate with a solution of chloride or nitrate of purpureocobalt, 

readily soluble in an excess of the precipitant, and crystallizing from 

the solution in beautiful rose-red efflorescent crystalline scales. The 

salt is readily soluble in ammonia, and the solution yields beautiful 

garnet-red measurable crystals, which are free from sodium. The pyro 

phosphate was first carefully studied and analyzed by C. D. Braun, 

whose analyses agree closely with a formula which he writes, 

5NH3.Co203.2P05+21 HO 

(old style). This formula must now be written 

Co2(NH3)10(P4O13)+21OH3 
in the new notation, P4013, being hexatomic. In the salt crystallized 
from ammonia : ? 
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1-2456 gr. gave 0-5387 gr. Co2P4012 by ignition = 43-24% and 

56-76% water, ammonia, and oxygen. 
1 4484 gr. gave 0*9415 gr. water (burnt with CuO) = 7.22% hy'gen. 
1-0964 gr. gave 0*3911 gr. water = 

35*67% water of crystallization. 

The formula Co2(NH3)10P4O13+21OH2 requires 43*48 %Co2P4012, 
and 56*52% water, ammonia, and oxygen ; also 7-21% hydrogen, and 

37*87% water of crystallization. These analyses fully confirm 

Braun's results. The formation of the salt from sodic pyrophosphate 
and chloride of purpureocobalt may be represented by the equation:? 

Co2(NH3)10Cl6+2P2O7Na4+OH2 = Co2(NH3)10P4O13+6NaCl+ 
20NaH. 

The mother liquor from which the pyrophosphate has crystallized has 
a strong alkaline reaction. The decomposition of the salt by heat 

may be expressed by the equation : ? 

Co2(NH3)10.P4O13 = Co2P4OirK>+10NH8, 

though it is of course most probable that a part of the ammonia is 

oxidized to water and nitrogen. 
The pyrophosphate of purpureocobalt furnishes, if the formula given 

be adopted, an instance of a true dipyrophosphate bearing the same 

relation to the ordinary salts of the acid which the disulphates, dichro 

mates, &c, bear to the normal sulphates and chrom?tes. In other 

words, two molecules of P207H4, or P203.(OH)4 are fused together, so 

as to form a single molecule of P4013H6, or P407(OH)6, an atom of 

water being given off. Thus we have in symbols : ? 

2.P203.(OH)4= P407-(OH)6+OH2. 
The structure of dipyrophosphoric acid may be briefly represented by 
the expression : ? 

3(OH) 
= 

(P203)-0-(P203) 
= 

(OH)3. 
The corresponding salt of luteocobalt presents a similar instance. 

According to Braun, the whole of the water of crystallization is given 
off at 100?C. ; but I found that one atom was retained at that tempera 

ture, the loss in my analysis being 35.67?, while the formula for 20 
atoms requires 36.07%. 

Ammonia-cobalt-nitrite. ? A solution of the potassium salt of Erd 

mann's series, Co2(NH3)4(N02)8K2, gives with nitrate of purpureo 
cobalt a beautiful very dark orange-red precipitate in crystals, which 

are sometimes acicular, and sometimes granular. The crystals are not 
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very soluble in cold, but dissolve quite easily in hot water. The solu 

tion gives the characteristic reaction with argentic nitrate. Of this 

salt : ? 

0-4583 gr. gave 0-2466 gr. S04Co = 24-11% cobalt. 

The formula ^Co2(]NTH3)1(J ̂Co2(NH3)4(N02)J3 requires 24'20%. 

The solution of this salt does not give the reactions of xanthocobalt at 

first, but after some days ammonic oxalate throws down the character 

istic wine-yellow oxalate. The solution is decomposed by long 

standing, large crystals of cobaltic nitrate, Co(N03)2, being formed 

together with crystalline scales of the corresponding salt of xantho 

cobalt already described. 

Cobalto-nitrite. ? The sodium salt of Fischer's series, 

Co2(N02)12Na6, 
is soluble at the instant of formation in an excess of sodic nitrite. 

Alcohol precipitates, after a time, some of the yellow insoluble 

sodic salt, and gives a very deep orange-red solution, from which the' 

'alcohol may be expelled by evaporation. This solution gives with 

one of nitrate of purpureocobalt, after a short time, fine deep orange 

red to ruby-red octahedral crystals, which are very slightly soluble 

in water even on boiling. This salt gave by digestion with a solu 

tion of thallous nitrate the characteristic scarlet crystalline salt, 

Co2(N02)12Tl6, which I shall describe further on. On analysis : ? 

0-5598 gr. gave 0-3290 gr. S04Co 
= 

22.38% cobalt. 

0-7324 gr. gave 188.5 c.c. nitrogen (moist) at 6?C and 773*4mm = 

31-87% nitrogen. 

The ratio is here exactly that of one atom of cobalt to six atoms of 

nitrogen ; and the analyses lead to the formula : ? 

^Coa(NH3)10(NO2)^3 { Co2(N02)12 }2+90H2, 
which requires 22'33% cobalt, and 31-79% nitrogen. The constitu 

tion of the salt is fully established by these analyses, and by the reac 

tion with the thallium salt given above, since we have : ? 

5Co2(NH3)ao(N02)^ 3 ̂ Co2(N02)12|2+12TlN03 
= 3.Co2(NH3)10 

(N02)2(N03)4+2.Co2(N02)12Tl6. 

The compound therefore belongs in reality to the xanthocobalt series ; 

it gives the reactions of the ordinary salts of that series distinctly. 
The formation of this remarkable salt may very probably be expressed 

by the equation: 
? 
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3.Co2(NH3)10(NO3)6+3Co2(NO2)12Na6=^Co2(NH8)10(NO2)2|8 

JCo?(NO,)uU+18NaNOrf2Co(NO?)?+2NOr 
I shall allude to its composition again, when speaking of the metameric 

compounds of the cobaltamines. 

The salt described is not the only one which is formed by the action 

of a solution of Co2(N02)12Na6 
on nitrate of purpureocobalt. In sev 

eral experiments I obtained an orange-red granular salt readily soluble 

in cold water. The solution of this salt gave with nitrate of luteo 

cobait a beautiful crystalline precipitate of 

^Co2(NH3)12HCo2(N02U. 
With thallous nitrate it gave the characteristic scarlet salt Co2(N02)12 

Tl6. On the other hand, it gave all the reactions of the salts of 

xanthocobalt with great distinctness, including the highly characteris 

tic crystalline ferrocyanide. This salt could in no way be distinguished 

from one obtained by the action of Co2(N02)12Na6 upon sulphate of 

roseocobalt which, as I shall show, has the formula 
* ? 

^Co2(NH3)10HCo2(NO2)12^ or Co2(NH3)10(NO2)6-(-Co2(NO2)6. 

In acting upon solutions of purpureocobalt with solutions of cobalto 

nitrite of sodium in excess of sodic nitrite, it often happens that 

neither of the salts above described is obtained in appreciable quantity, 
but only nitrate of xanthocobalt and cobaltic salts formed by a total 

reduction of the cobaltamines. It is therefore important'to avoid an 

excess of sodic nitrite as much as possible. 

Chloro-fluosilicate. 
? When a hot solution of chloride of purpureo 

cobalt containing a few drops of free chlorhydric acid is poured into a 

hot solution of fluosilicate of zinc, no precipitate is produced at first, 

but after a time a beautiful violet-red crystalline salt separates. This 

salt is very slightly soluble in cold water, but dissolves with a violet 

tint in a large quantity of boiling water ; it is readily soluble in a hot 

solution of sodic carbonate. It is decomposed very quietly by heat, 

giving off white condensible vapors, and leaving a dull violet residue. 

Of this salt : ? 

0-6379 gr. gave 0-2861 gr. S04Co = 17-10% cobalt. 
0-8221 gr. gave 0-2479 gr. silver = 

9*91% chlorine. 

The formula Co2(NH3)10(SiF6)2Cl2+3OH2 requires 16-93% cobalt, 
and 10-18% chlorine. 

The determination of the chlorine was made by dissolving the salt in 

sodic carbonate, adding an excess of argentic nitrate, and afterward a 
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small excess of nitric acid. The chloro-fluosilicate appears to combine 

with auric and platinic chlorides to form crystalline salts containing 
silicic fluoride. Nitrate of purpureocobalt gives with a solution of 

fluosilicic acid, SiF6H2, a beautiful violet-red granular crystalline pre 

cipitate, but slightly soluble in cold water. I have not examined this 
salt ; it is probably the normal fluosilicate Co2(NH3)10(SiF6)3. 

It occurred to me that the fluorine compounds of the cobaltamines 

might offer means of separating certain metallic elements which have 

hitherto proved intractable by ordinary methods. The numerous ex 

periments made with this end in view have not, however, led to really 
valuable results. I shall therefore content myself by briefly describ 

ing in this place a few reactions which will serve as starting-points to 

those who may be disposed to enter upon this field of investigation. 
Nitrate of croceocobalt gives a fine granular crystalline salt with 

fluosilicic acid, and a beautiful salt in large granular crystals with 

potassic fluo-titanate, TiF6K2. Both salts are soluble in much hot 

water, the solutions yielding large and perhaps measurable crystals. 
Nitrate of xanthocobalt gives very fine granular crystalline salts 

with fluosilicic acid and potassic fluotitanate. Both salts may be 

dissolved in a large quantity of hot water, and recrystallized without 

decomposition. 

Sulphate of roseocobalt gave no precipitate with fluosilicic acid or 

potassic fluosilicate even after long standing; but a solution of the 

iodo-sulphat? of roseocobalt, Co2(NH3)10(SO4)2I2, gave with fluosilicic 
acid a dull violet-red crystalline precipitate very slightly soluble in 

water. 

Nitrate of luteocobalt gives beautiful granular orange-yellow crys 
talline precipitates with fluosilicic acid and solution of potassic fluo 

titanate. The fluotitanate is somewhat lighter in color than the 

fluosilicate. Both salts are almost insoluble even in boiling water. 

Krok# observed that iodo-sulphate of luteocobalt gives a very in 

soluble crystalline precipitate with fluosilicic acid. I find that this 
salt contains iodine, and it will probably prove to have the formula 

Co2(NH3)12(SiF6)2I2. Iodide of luteocobalt gives a beautiful orange 
crystalline precipitate with potassic fluozirconate, which requires a 

large quantity of boiling water for solution, and may be recrystallized 
without decomposition. Iodide of luteocobalt gives also crystalline 

very slightly soluble precipitates with potassic fluotantalate, fluo 

niobate, and oxyfluoniobate, not differing from each other, so far as I 

* Acta Universit. Lund. 1870. 
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have been able to determine, sufficiently to be made available in analy 

sis, and probably isomorphous. Nitrate of luteocobalt gives fine orange 

crystalline, slightly soluble precipitates with potassic oxyfluotungstate, 

oxyfluoniolybdate, and fluoborate. 

For convenience of reference I give here a list of the salts which, in 

my judgment, belong to the purpureocobalt series, and which have 

been more or less completely described. 

Chloride, 
Bromide (Claudet), 
Iodide (Claudet), 
Sulphate, 

Nitrate, 

Chloro-nitrate, 

Chloro-oxalate, 

Pyrophosphate (Braun), 
Chromate (Braun), 
Dichromate, 

Ammo nia-cobal t-nitrite, 

Cobalto-nitrite, 

Chloro-fluosilicate, 

Platino-chloride, 

Auro-chloride, 

Antimonio-chloride, 

Hydrargo-chloride a, 

Hydrargo-chloride ?, 

NORMAL SERIES. 

Co2(NH3)10C16 
Co2(NH3)10Br6 
Co2(NH3)10I6 
Co2(NH3)10(SO4)3-fOH2 
Co2(NH3)10(NO3)6 

Co2(NH3)10Cl3(NO3)3+Co2(NH3)10 
(NO?)6 

Co2(NH3)10(C2O4)2Cl2 
Co2(NH3)10P4O13+2lOH2 
Co2(NH3)10(CrO4)3 
Co2(NH3)10(Cr2O7)3+OH2 
^o2(NH3)10HCo2(NH3)4(NO2)8^3 
\Co2{^U8)10{NO2)2\8\Co2(m2)l2U 

+90H2 
Co2(NH3)10(SiF6)2Cl2 
Co2(NH3)10Cl6+2PtCl4 
Co2(NH3)10Cl6+2AuCl3 
Co2(NH3)10Cl6+SbCl3 
Co2(NH3)10Cl6+4HgCl2 
Co2(NH3)10Cl6+6HgCl2 

BASIC SERIES. 

Chromate, Co2(NH3)10.O.(CrO4)2+6OH2 
Hyposulphate (Rammelsberg), Co2(NH3)10.O.(S2O6)2 

Nitrate, Co2(NH3)10.O.(NO8)2+6OH2 
Chloride ? (Schiff), Co2(NH3)10.O.Cl4 
Sulphate ? (Schiff), Co2(NH3)10.O.(SO4)2 
Tungstate, Co2(NH3)10.O.(WO4)2 
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ROSEOCOBALT. 

Sulphates of Roseocobalt. ? In our joint memoir Genth and I have 

stated that when a mixture of cobaltic sulphate and ammonia is ex 

posed to the air for some time three different salts are sometimes 

formed, one of which is readily soluble in water, giving characteristic 

reactions different from those of the normal sulphate, while a second 

salt dissolves in warm water, and gives orange-red crystals. I propose 
now to give the results of my further study of these salts. 

Soluble Sulphate of Roseocobalt. ? Since the publication of the 

memoir above mentioned, this salt has been studied by Braun, who 

appears not to have been aware of its previous discovery by Genth 

and myself. Braun prepared it by adding sulphuric acid to an oxi 

dized solution of ammonia and cobaltic sulphate and precipitating the 

solution with alcohol. In this manner he obtained a rose-red crystal 
line powder, which on analysis gave the formula of the ordinary sul 

phate, first correctly analyzed by Genth and myself, Co2(NH3)10 
(S04)3-j-oOH2, but which was readily soluble in water, with a cherry 
red color. My more recent investigations fully confirm Braun's 

results as regards the solubility of this salt, which I have, however, 

obtained by simply washing the oxidized dry mass of sulphates with 

cold water in repeated small quantities. To fully establish the differ 

ence between this salt and the ordinary sulphate, I determined the 

solubility of the last-named quantitatively. Of the ordinary sulphate, 
11*6205 gr. of a neutral solution saturated at 27?C gave on evapora 

tion 0*1967 gr. of the crystalline sulphate 
= 

1*69%. 
The soluble sulphate requires between one and two parts of cold 

water for solution, as nearly as I could judge, my salt containing small 

portions of ammonic and cobaltic sulphates. The reactions of the solu 

ble sulphate differ so slightly from those of the ordinary sulphate, that 

I do not regard the statement made by Genth and myself as fully 
confirmed by further experience, and believe that the salt with which 

our experiments were made contained small portions of the yellow 

sulphate presently to be described. On the other hand, the derivatives 

of the soluble sulphate appeared in many cases to be more soluble 

than the corresponding salts prepared from the ordinary sulphate. 
Want of material and of proper facilities for work have prevented 

me from examining the subject with the requisite care and thorough 
ness. In what follows, however, I have in each case specified which 

of the two red sulphates was employed. 
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Lodo-sulphate of Roseocobalt. ? When a solution of potassic iodide 

is added to one of the soluble sulphate of roseocobalt a beautiful cin 

nabar-red crystalline salt is thrown down, which may be dissolved 

without much difficulty in hot water, and crystallizes from the solution 

in granular crystals of an intense orange-red color. This salt has 

essentially the formula Co2(NH3)10(SO4)2I2-|-2OH2, which is that of 
the iodo-sulphate described by Krok, and obtained by the action of 

iodine upon a boiling solution of ammonia and cobaltic sulphate. ? 

Krok's analyses agree fairly well with the requirements of the formula. 

I found, however, that the salt precipitated as above varied in different 

preparations not inconsiderably. I prepared the salt also from the 

ordinary sulphate of roseocobalt for the sake of comparison, but could 

detect no really essential difference between the two. The following 
are the results of my analyses : ? 

Of the iodo-sulphate from the ordinary red sulphate of roseocobalt : ? 

I. 0-6300 gr. gave 0-2673 gr. S04Co = 16-15% cobalt. 
0-4284 gr. gave 0-1170 gr. silver = 

32-12% iodine. 

0-5689 gr. gave 0-3516 gr. S04Ba = 25-46% So,. 

Of the iodo-sulphate from the soluble sulphate : ? 

II. 0-4045 gr. gave 0-1776 gr. S04Co = 16-72% cobalt. 
0-4045 gr. gave 0-1763 gr. S04Co 

= 
16-60% cobalt. 

0-4647 gr. gave 0*1096 gr. silver = 
27*76% iodine. 

0-4935 gr. gave 0*3027 gr. $04Ba= 25*27% S04. 
III. 0-3579 gr. gave 0-1442 gr. S04Co 

= 
15-33% cobalt. 

0-7586 gr. gave 03816 gr. silver = 
27-18% iodine. 

0-7099 gr. gave 0-4308 gr. So4Ba 
= 

25*32% S04. 

The formula Co2(NH3)10(SO4)2I2+2OH2 requires : 
? 

Calculated. i. n. m. 

Cobalt, 15*33 16*15 16-66 (mean) 15*33 
Iodine, 32*99 32-12 27*76 27*18 

S04, 24*93 25*46 25*27 25-32 

These analyses show at least that the reaction between potassic iodide 
and the soluble sulphate is less definite than in the case of the iodide 
and the ordinary sulphate. Krok states that he did not obtain sul 

phate of xanthocobalt by the action of argentic nitrite upon iodo 

sulphate of roseocobalt, but only a rose-red solution, giving off nitrous 
acid with the stronger acids. I found, however, that the iodo-sulphate 
obtained from the soluble sulphate of roseocobalt, when digested with 
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argentic nitrite and a little free acetic acid, gave argentic iodide and 

a clear sherry-wine-colored filtrate giving with ammonic oxalate a 

salt which I could not distinguish from the ordinary oxalate of xantho 

cobalt. Treated with nitric acid this oxalate gave an octahedral 

nitrate showing all the reactions of nitrate of xanthocobalt The rose 

red solution which Krok obtained as above, may prove to contain a 

red modification of xanthocobalt, and deserves further study. 
? Acid Sulphate-, 

? The acid sulphate described by Genth and my 

self, and to which we gave the formula (old style) 5NH3.Co203.4S03 
-|-5HO, may be formulated in various ways. We may regard it as a 

basic disulphate with the formula, 

Co2(NHs)w.O.(S207)2+50H2. 

It is difficult to see how such a basic salt could be formed in a solution, 
and in presence of an excess of free sulphuric acid. The fact that the 

salt does not exhibit a strong acid taste and reaction does not in itself 

furnish a very strong argument. Schultz-Sellack has shown that 

disulphates of the type S207R2 are formed by dissolving normal sul 

phates in warm fuming sulphuric acid ; but it has not been shown in 

any case that a normal sulphate by digestion with sulphuric acid can 

form a pyrosulphate, 
? an atom of water being given off. It seems, 

therefore, more probable that the acid sulphate has the formula, 

Co2(NH8)10(SO,)34-SO4H2+4OH2. 

but it is worthy of notice that the salt is not formed when normal sul 

phate of roseocobalt is boiled with dilute sulphuric acid. In this case 

the normal sulphate crystallizes without change. The type of the acid 

sulphate of roseocobalt is the same as that of the acid carbonate of 

luteocobait described by Genth and myself : 
? 

Co2(NH8)12(C03)8+C08H2+50H2, 

and with that of the acid oxalo-bisulphate, which in my view has the 

formula, 

Co2(NH8)10(C2O4)(SO4)2+C2H2O4+2OH2. 

On the other hand, the acid oxalate of roseocobalt, which I shall de 

scribe, has the formula, 

Co2(NH3)10(C2O4)8+4C3H2O4, 

the type not being that of the ordinary double oxalates containing a 

hexatomic metallic element. 

Yellow Sulphate of Roseocobalt. ? A small quantity of crude sul 

phate of roseocobalt, which had stood for some years in my laboratory. 
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presented orange-red crusts of indistinct octahedral crystals. These 

were rubbed to powder, washed with a little cold water, and dissolved 

in hot water with a little free sulphuric acid. Fine yellow crystals 

separated, which could not be distinguished in appearance from sul 

phate of luteocobalt, but appeared to be less soluble in water. Of 

these crystals, 
? 

0-5018 gr. gave 0-2341 gr. S04Co = 17-76% cobalt. 
0-7614 gr. gave 0-7992 gr. S04Ba = 43-25% So4. 
1-1618 gr. gave 213 c.c. nitrogen at 13?C and 760-47mm = 

21-62%. 

The formula Co2(NH3)10(SO4)3+5OH2, which is also that of the 

ordinary and of the soluble modification of sulphate of roseocobalt, 

requires : ? 

Calculated. Found. 

Cobalt, 17-71 17-76 

S04, 43-24 43-25 

Nitrogen, 21-02 21-62 

The formula Co2(NH3)12(S04)3+50H2 
? 

sulphate of luteocobalt ? 

requires 16.85% cobalt, 41-14%S04, and 24-00% nitrogen. The 
analyses show clearly that the salt was not sulphate of luteoco 

balt. The solution of the new sulphate gave beautiful yellow or 

orange-yellow crystalline precipitates with various reagents closely 

resembling in color the corresponding salts of luteocobalt. Thus with 

potassic bromide it gave a buff yellow, and with potassic iodide a fine 

orange-yellow crystalline precipitate. With the platino-chloride and 
auro-chloride of sodium it gave beautiful yellow salts, the analyses of 
which will be given in connection with those of the ordinary salts 
of roseocobalt. By double decomposition with baric nitrate the yellow 
sulphate gave a fine yellow solution, which on standing yielded crystals 
of the nitrate of this series readily soluble in hot water. In these 

crystals, 
? 

0-2517 gr. gave 0-1092 gr. S04Co = 16-50% cobalt. 

This percentage of cobalt would indicate the formula Co2(NH3)10 
(N08)3-[-30H2, which requires 16*52%. Nitrate of luteocobalt con 
tains 17-00% cobalt. 

The sulphate gave also with baric chloride a fine yellow solution 
and baric sulphate. The solution of the chloride gave beautiful yellow 
salts, with the chlorides of gold and of platinum. Unlike the ordinary 
and soluble modifications of chloride of roseocobalt, it did not give 
chloride of purpureocobalt by boiling with chlorhydric acid. The yel 
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low nitrate gave a beautiful orange-yellow crystalline precipitate with 

excess of potassic iodide. 

Of the yellow chloride, 
? 

0-4187 gr. gave 0-2430 gr. S04Co = 22-09% cobalt. 

The formula Co2(NH3)10Cl6-j-2OH2, which is that of the ordinary red 

modification, requires 21*97% cobalt. 

The results above mentioned, together with the analyses of the gold 
and platinum salts to be described, are confessedly incomplete, but are 

all which I could obtain with the very small amount of material ? less 

than five grammes of the sulphate 
? at my disposal. I regard them 

as rendering it extremely probable that there is an extensive series of 

yellow salts isomeric with the ordinary salts of roseocobalt, but differ 

ing from them in color, solubility, and perhaps other particulars. It 

seems not impossible that the so-called xanthocobalt salts belong to 

this series, as I find that when the beautiful scarlet crystalline iodo 

sulphate of roseocobalt is treated with argentic nitrite, a cherry-red 
solution is obtained, which must contain a salt having the formula, 

Co2(NH3)10(NO2)2(SO4)2, since we have the reaction expressed by the 

equation 

Co2(NH3)10(SO4)2I2-|-2AgNO2 = Co2(NH3)10(NO2)2(SO4)2+2AgI, 
and since the red solution on boiling with a few drops of acetic acid 

readily passes into the ordinary sulphate of xanthocobalt. 

The salts of the yellow modification of roseocobalt at present more 

or less perfectly analyzed and described are as follows : ? 

Chloride, Co2(NH8)10Cl6+2OH2 
Nitrate, Co2(NH3)10(NO3)6+3OH2 

Sulphate, Co2(NH8)10(SO4)8+5OH2 
Sulphato-chlorplatinate, Co2(NH3)10(SO4)2Cl2+PtCl4 
Sulphato-chloro-aurate, Co2(NH8)10(SO4)2Cl2+2AuCl8+4OHa. 

I may remark in this connection, that rhodium forms two series of 

salts, one of which is red, and the other yellow, and that the chloride 

of Claus's base, Rh2(NH3)10Cl6, which is yellow, unlike the well-de 

fined double chlorides containing Rh2Cl6, may be the true analogue of 

the yellow modification of Co2(NH3)10Cl6-|-2OH2. 

Chlorplatinate. 
? When the soluble sulphate of roseocobalt is con 

verted into nitrate by double decomposition with baric nitrate, and 

chlorplatinate of sodium is added, a salt separates in dark-red mamil 

lary crystalline crusts, which may be regarded as the normal platinum 

salt of this series. The salt, like most of its congeners, is much more 
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soluble in hot than in cold water, and crystallizes" as the solution cools, 

though not in well-defined forms. Its formula is ? 

Co2(NH3)10Cl6+2PtCl4+5OH2, 
as the following analyses show : ? 

0 9318 gr. gave 0-2899 gr. platinum, and 0-0868 gr. cobalt (by differ 

ence) = 31-12% platinum, and 
9*39% cobalt = 40-51 %Pt-f-Co. 

0-3040 gr. gave 0-1241 gr. platinum and cobalt = 
40*79%. 

Heated to 140?C the salt lost 
5*41% water, and was then decomposed 

with a slight explosion, so that the whole of the water is not given off 

below the temperature of decomposition. The formula requires : ? 

Calculated. Found. 

Platinum, 31-15 31-12 

Cobalt, 9-28 9-39 

Water, 7-08 5-41 

When platinic chloride is added to a solution of chloride of roseoco 

balt, a dull-red crystalline salt in fine needles is formed, readily soluble 

in hot water, and crystallizing from the solution unchanged. Of this 

salt, 
? 

0-3766 gr. (reduced by zinc and S04H2) gave 0-1087 gr. platinum and 
0-3981 gr. silver = 28-86% platinum and 35-55% chlorine. 

These results correspond to the formula 
Co2(NH3)10Cl6-f-2PtCl4-} 

120H2, which requires 28-72% platinum, and 
36*04% chlorine. 

Braun states that by adding platinic chloride to a solution of a salt of 

roseocobalt and free chlorhydric acid, he obtained a dark orange-red 

crystalline precipitate, having the formula, as we should now write it, 

3.Co2(NH3)10Cl6-f-4.PtCl4. I have never obtained any such salt ; and 

as Braun's formula is based upon a determination of the sum of the 

percentages of platinum and cobalt only, it cannot be regarded as even 

probable. Genth and I have stated in the first part of this paper, that 

chloride of roseocobalt forms with platinic chloride a salt which we 

had not completely examined, but which appeared to have the formula 

Co2(NH3)10ClG-|-3PtCl4-|-8OH2. I have not obtained this salt again ; 
but the following analyses will serve to show that we had some reason 

for believing in its existence : ? 

0-7593 gr. gave 0-3256 gr. platinum and cobalt = 
42-88%. 

0-6155 gr. gave 0*3326 gr. platinum and S04Co 
= 0-2182 gr. platinum 

and 0*1144 gr. S04Cor=: 35*45% platinum and 7-07% cobalt. 
0'4809 gr. gave 0-7491 gr. AgCl = 38-50% chlorine. 

VOL. XI. (n. S. II.) 2 
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The formula Co2(NH8)10Cl6+3PtCl4+8OH2 requires : 
? 

Calculated. Found. 

Cobalt, 7-08 7-07 

Platinum, 35-56 35*45 

Chlorine, 38 36 38*50 

These analyses were not published in the first part of this paper, be 

cause Genth and I did not succeed in preparing the salt a second time. 

] do not myself consider them ? in spite of their close agreement with 

the formula given 
? sufficient to establish the existence of the salt in 

question. Further researches may be more successful in this respect. 

Sulphato-chlorplatinate. 
? When chlorplatinate of sodium is added 

to a solution of the soluble sulphate of roseocobalt, a beautiful bright 
red crystalline salt is precipitated, which is but slightly soluble in cold 

water, but which may be dissolved in a very large excess of boiling 
water with a few drops of free acid, and crystallizes from the solu 

tion without decomposition. This salt has the formula, 
? 

Co,(NHi)19(so4)A+i,tca4, 

as the following analyses show : ? 

0-4806 gr. gave 0*3476 gr. silver = 
23-78% chlorine. 

0-4221 gr. gave 0*1505 gr. platinum and cobalt = 
35*65%. 

0*1428 gr. of the mixed metals gave 0*0898 gr. platinum = 
22*43% 

(of the salt), and 13*22% cobalt (by difference). 
0-5219 gr. gave 0-2618 gr. S04Ba = 20*66%SO4. Salt fused with 

C03KNa. 

The salt lost no water on being heated to 150?C. The formula re 

quires : ? 

Calculated. Found. 

Cobalt, 13*24 13*22 

Platinum, 22*21 22-43 

Chlorine, 23-90 23*78 

S04, 21*55 20-66 

A solution of the yellow modification of the sulphate of roseocobalt 

already described, gave with chlorplatinate of sodium a beautiful yel 

low crystalline precipitate remarkably insoluble even in hot water. 

This salt, after washing and drying in pleno over sulphuric acid, was 

analyzed 
: ? 

0-4202 gr. gave 01488 gr. platinum and cobalt = 35*41%. 
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The formula Co2(NH8)10(SO4)2Cl2+PtCl4 requires 35-45%. The 

very small quantity of the sulphate at my disposal prevented me from 

making a more complete analysis ; but there can scarcely be a doubt as 

to the constitution of the salt. 

Chloro-aurate of Roseocobalt. ? Chloro-aurate of sodium produces 
in a cold solution of the chloride of roseocobalt a beautiful bright 
orange-red crystalline salt, which may be redissolved in hot water, and 

recrystallized without sensible decomposition. This salt has the 

formula, 
? 

Co2(NH3)10Cle+2AuC]8+2OH2, 
as appears from the following analyses : ? 

0-5996 gr. gave 0-3674 gr. gold and S04Co containing 0-2047 gr. 
gold = 10-33cf0 cobalt and 34-14% gold. 

0-8900 gr. gave 0-3080 gr. gold = 34-59%, and 1-0013 gr. silver = 

36-98% chlorine. 

The salt is soluble even in cold water ; the solution has a fine orange 
red color. The formula requires : ? 

Calculated. Found. 

Cobalt, 10-31 10-33 

Gold, 34-44 34-37 (mean) 
Chlorine, 37-23 36-98 

The salt contains two atoms of water, which are not found in the cor 

responding salt of purpureocobalt. It is one of the most beautiful of 

the whole series. 

Sulphato-chloro-aurate. 
? Chloro-aurate of sodium gives a beautiful 

orange-red crystalline precipitate with soluble sulphate of roseocobalt. 

The salt is but slightly soluble in cold water, and may be washed 

without sensible loss. It requires much hot water for solution, but 

dissolves without decomposition, and separates from the solution on 

cooling in fine bright-red crystals. The formula of this salt is, 
? 

Co2(NH8)10(SO4)2Cl2+2AuCl3+4OH2, 
as the following analyses show : ? 

0-4331 gr. gave 0-1389 gr. gold = 32-07%. 
0-3542 gr. gave 0-U73 gr. S04Ba = 0-1363 gr. S04Ba, 

Calculated. Found. 

Gold, 32-04 32-07 

S04, 15-62 15-86 
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The yellow modification of sulphate of roseocobalt gives with chloro 

aurate of sodium a precipitate in yellow needles, soluble without de 

composition in boiling water, and crystallizing from the solution 

unchanged. In this salt, 
? 

0-1952 gr. gave 0-0494 gr. S04Co 
= 

9-63%. 
0-2657 gr. gave 0-0856 gr. gold and 0.1866 gr. silver = 32-25% gold 

and 
23*11% 

chlorine. 

The formula, Co2(NHa)10(SO4)2Cl2+2AuCl3+4OH4, requires :-? 
Calculated. Found. 

Cobalt, 9-59 9-63 

Gold, 32*04 32-25 

Chlorine, 23-09 23-11 

Chloro-hydrargyrate of Roseocobalt. ? Under the head of purpureo 

cobalt I have described two salts having respectively the formulas 

Co2(NH3)10Cl6+6HgCl2, and Co2(NH3)10Cl6+4HgCl2. The six-atom 
salt was first described and analyzed by Claudet,* and afterward by 

Carstanjen, f who also first described the six-atom salts with four and 

twelve molecules of water of crystallization. I find that the six-atom 

salts are always formed when chloride of mercury and sodium, 

HgCl4Na2, is added to a solution of chloride or of sulphate of roseoco 

balt, but that the resulting salt always contains four atoms of water of 

crystallization, while the anhydrous salt, Co2(NH3)10Cl6-|-6HgCl2, is 

formed when an excess of the mercuric salt is added to a solution of 

chloride of purpureocobalt. On re-solution and recrystallization, 
each salt separates unchanged, so that the hydrous salt does not appear 
to be merely a hydrated form of the other. The salt 

Co2(NH3)]0Cl6-} 

6HgCl2-f-40H2 crystallizes in lilac-red prismatic forms, which are 

much more soluble than the anhydrous salt. Of this compound (from 

Co2(NH3)10Cl6+2OH3), 
1-7840 gr. gave 1-1522 gr. HgCl2 

= 
54-86% mercury. 

1-4373 gr. gave 1-2721 gr. silver 
=29*09% 

chlorine. 

0-8430 gr. gave 0-1205 gr. S04Co= 5-43% cobalt. 

0-3731 gr. (from Co2(NH3)10(8O4)3+5aq) gave 0-2373 gr. HgS = 

54-84% mercury. 

The formula requires : ? 

Calculated. Found. 

Cobalt, 5-37 5-43 

Mercury, 54-57 54-86 54-84 

Chlorine, 29-05 29-09 

* Phil. Mag. IL p. 253. 

t De Conrmbiis ammoniaco-cobalticis. Berlin, 1861. 
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Basic Oxalo-sulphate. 
? This salt, wThich in the first part of this 

paper was assigned to the purpureocobalt series, belongs, as I think, 

more probably with the salts of roseocobalt, being formed directly 
from the sulphate of that base. This view compels us to admit the 

existence of a basic series of roseo-salts, to which, however, I can see 

no reasonable objection. The formula of the oxalo-sulphate may now 

be written, 

Co?(NH8)w.O.(C?04).(S04)+70H?. 
Acid Oxalo-sulphate. 

? The acid oxalo-sulphate, described in the 

same paper, may be written, 

Co2(NH8)10(C2O4)2(S2O7)+3OH2, 

and would then be a dioxalo-disulphate. Its structural formula upon 
this view would be 

O 

Co, 

NH3-NH3-0>C2?2 
NH3-NH,-NHft 

4 NEL?NHL?NELT ?*u* 

NH3-NH3-O co 

This formula agrees satisfactorily with the results of the analyses, and 

with the fact that the acid reaction is not very strong. On the other 

hand, it is at least possible that the salt may contain two atoms less of 

hydrogen. In this case the formula would be 

Co2(NH3)10(C2O4)(SO4)2+C2H2O4+2OH2. 
If the first view be adopted, the formation of the salt by boiling nor 

mal sulphate of roseocobalt with oxalic acid may be expressed by the 

equation : ? 

Co2(NH3)10(SO4)3+3C2H2O4 = |Co2(NH3)10(C2O4)2(S2Or)+ 
C2H2O4^+OH2+S04H2. 

Upon the second view we should have : ? 

Co2(NH3)10(SO4)3+3C2H2O4 = ?Co2(NH3)10(C2O4)(SO4)2-f 
C2H2OJ+20H2+S04H2. 

The second view appears to me preferable, since we have no inde 

pendent evidence to show that ordinary sulphates ever lose water to 

form disulphates, except by the action of heat. 

Oxalates. ?= Genth and I have shown that the neutral oxalate of 

roseocobalt has the formula Co2(NH3)10(C2O4)3-f-OH2. I find now 

that, as already stated, this salt is sometimes formed as one of the 

products of the action of ammonic oxalate upon chloride of purpureo 
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cobalt, and also by the action of the alkaline oxalate upon the nitrate 

of the same base. When the neutral oxalate is boiled with an excess 

of oxalic acid, the solution deposits, on cooling, fine garnet-red crusts of 

crystals resembling prehnite in appearance. This salt is the acid 

oxalate of roseocobalt, and has the formula, 
? 

Co2(NHs)10(C2O4)3+4C2HA, 
as the following analyses show : # ? 

1. 0-4897 gr. gave 0-1673 gr. S04Co= 13-00% cobalt. 
2. 0-3421 gr. gave 0-0447 gr. cobalt = 

13-06% 
cobalt. 

3. 0-8908 gr. gave 0-5913 gr. Co2 and 0-3389 gr. water = 
18-10% 

carbon and 4*22% hydrogen. 
4. 1-1337 gr. gave 0-7460 gr. Co2 and 0-4439 gr. water = 

18-03% 
carbon and 4-35% hydrogen. 

5. 0-7397 gr. gave 0-4872 gr. Co2 and 0-2922 gr. water = 
17-96% 

carbon and 
4-19% hydrogen. 

Calculated. Mean. Found. 

Cobalt, 12-94 13-03 13-00 13-06 

Carbon, 18-42 18-03 18-10 18-03 17-96 

Hydrogen, 4-16 4-25 4-22 4-35 4-19 

The formula appears, when compared with those of the ordinary 

double oxalates containing metallic sesquioxides, to be abnormal ; but 

the analyses made with carefully recrystallized, pure, and homogene 
ous salt seem to leave no reasonable doubt as to the true constitution. 

Oxalo-platino-chloride. 
? When a solution of chlorplatinate of so 

dium, PtCl6Na2, is added to one of the neutral oxalate of roseocobalt, 

a fine red crystalline precipitate forms after a short time, which may 

be purified by a second crystallization. The salt forms small grouped 

acicular crystals, which have a rather pale-red color. It is somewhat 

easily soluble in cold water. Boiling water dissolves it readily, form 

ing a clear red solution, from which the salt crystallizes without de 

composition. The formula of this salt is, 

Co2(NH3)10(C2O4)2a+PtCl4, 
as the following analyses show : ? 

0-5389 gr. gave 0-1210 gr. platinum and 0-4002 gr. silver = 22-45% 

platinum and 24*41 
% 

chlorine. 

The formula requires 22-62% platinum and 24*34% chlorine. 

* 
My friend and former pupil, Prof. Sadtler, had the kindness to make 

analyses 4 and 5 for me after my own laboratory had been closed. I deemed 

them necessary to verify the unexpected formula. 
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Cobalto-nitrite of Roseocobalt. ? When a solution of cobalto-nitrite 

of sodium, Co2(N02)12Na6, in excess of sodic nitrite is added to one of 

the soluble sulphate of roseocobalt, beautiful brown-orange prismatic 

crystals are thrown down, which are readily soluble in hot water with 

out decomposition. Of these crystals dried in pleno over sulphuric 

acid, 
? 

0-2820 gr. gave 0-1822 gr. S04Co = 24-60% cobalt. 

The formula of the anhydrous salt, Co2(NH3)10(NO2)G-|-Co2(NO2)6, 
requires exactly the percentage found. The solution of this salt gives 
with salts of luteocobalt a beautiful crystalline precipitate of the co 

balto-nitrite ofthat base, Co2(NH3)12(N02)6+Co2(N02)6. With salts 
of strychnia and brucia, it gives the cobalto-nitrites of those alkaloids. 

The preparation of this salt, like that of all similar compounds, is 

somewhat uncertain, and often fails entirely in consequence of the for 

mation of salts of xanthocobalt by the action of the excess of sodic 

nitrite on the sulphate of roseocobalt. By the action of a solution of 

cobalto-nitrite of sodium upon chloride of purpureocobalt, Sadtler ob 

tained a yellow crystalline salt much more soluble than the luteocobalt 

salt, Co2(NH3)13(N02)?-f-Co2(N02)6, and to which he assigns the prob 
able formula Co2(NH3)10(NO2)6+Co2(NO2)6+OH2. Farther study 
is needed, however, in the case of this salt. It may be identical with 

that described above. 

Dichromate of Roseocobalt. ? When a solution of potassic dichro 

mate is added to one of nitrate of roseocobalt, a dark red precipitate is 

formed, which, after re-solution in water with a few drops of acetic acid, 

separates in beautiful red scales with bronze-yellow reflections. This 

salt is identical with that formed in Mr. Mills's process for preparing 
salts of roseocobalt, to which I have already alluded, and in which I 

found ?yq atoms of water of crystallization. When digested at a 

gentle heat with a solution of baric nitrate, the salt yields baric chro 

mate and nitrate of roseocobalt only, so that it certainly belongs to this 

series, and not to that of purpureocobalt. 

Sulphite of Roseocobalt. ? I obtained the specimen of this salt 

which I examined from Dr. Genth who prepared it by boiling chlo 
ride of purpureocobalt with a solution of neutral ammonic sulphite. 

The salt was recrystallized from its solution in ammonic carbonate, 
and contained only a trace of chlorine. It forms granular brownish 

orange crystals, slightly soluble in cold, and readily decomposed by 
hot water. Heated in a tube, it gave off water, ammonia, and ammonic 

sulphite. When sulphuric acid is poured upon the sulphite, some sul 
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phurous oxide is given off, but it is only by strong heating that the 
whole of the oxide can be expelled. Of this salt : ? 

0-7132 gr. gave 0-3800 gr. S04Co = 20-27% cobalt. 
1-7094 gr. gave 2-0505 gr. S04Ba= 32-94% S02. 
1-5422 gr. gave 0-9228 gr. water = 

6-64% hydrogen. 
0-8927 gr. gave 183 c.c. nitrogen at 15?-5 C. and 765-14mm = 

24-07%. 
The formula Co2 (NH3)10(SO3)3 + 30H2 requires : 

? 

Calculated. Found. 

Cobalt, 2 20-27 20-27 

Sulphurous Oxide, 3 32-98 32-94 

Nitrogen, 10 24-05 24-07 

Hydrogen, 36 6-18 6-64 

I have assigned this salt somewhat arbitrarily to the roseocobalt series. 

In the absence of any direct evidence on either side, it is of course 

equally probable that it belongs to the series of purpureocobalt. 
Kiinzel's salt, 

Co2(NH3)10(SO3)3+Co3(SO3)3+9OH2, 

bears the same relation to the neutral sulphite which I have de 

scribed which the cobalto-nitrite, Co2(NH3)10(NO2)6-f-Co2(NO2)6, 
bears to the normal nitrite Co2(NH3)10(NO2)6. 

The salts known with most certainty to belong to the roseocobalt 

series are the following 
: ? 

Chloride, Co2(NH3)10Cl6-f-2OH2 
Nitrate, Co2(NH3)10(NO3)6+2OH2 

Sulphates a, ?, y, Co2(NH3)10(SO4)3+5OH2 
Acid sulphate, Co2(NH8)10(SOJ8+SO4H2-f4OHa 
Iodo-sulphates a, ?, y* Co2(NH3)10(SO4)2I2+2OH2 
Bromo-sulphate* Co2(NH3)10(SO4)2Br2+2OH2 
Dichromate, Co2(NH3 ) 10 ( Cr2Or)8+50 H2 
Basic oxalo-sulphate, Co2(NH3)10.O.(C2O4) (S04)-(-70H2 

Oxalate, Co2(NH3)10(C2O4)3+6OH2 
Acid oxalo-bisulphate, 

' 
Co2(NHg)10(C2O4)(SO4)2-)-C2H2O4+ 

20H2 
Acid oxalate, Co2(NH3)10(C2O4)3-f 4C2H204 
Ferricyanide, Co2(NH3)10Cy6+Fe2Cy6+3OH2 

* Krok, loe. cit. 



OF ARTS AND SCIENCES. 25 

Cobalticyanide, Co2( NH8)10Cy6+Co2Cy6+3OH2 
Platino-chloride, Co2(NH3)10Cl6+2PtCl4+5OH2 
Auro-chloride, Co2(NH3)10Cl6+2AuCl3-)-2OH2 

Hydrargo-chloride, Co2(NH3)10Cl6+6HgCl2+4OH2 
Sulphato-hydrargo-chloride* Co2(NH3)10(SO4)2Cl2+2HgCl2 
Sulphato-chloro-platinate ?, y, Co2(NH3)10(SO4)2Cl2+PtCl4 
Sulphato-chloro-aurate fi, y, Co2(NH3)10(SO4)2Gl2-f-4OH2 
Oxalo-chlorplatinate, Co2(NH3)10(C2O4)2Cl2-f PtCl4 
Cerous double sulphate Co2(NH3)10(SO4)3+3CeSO4-f OH2 

(Wing), 
Ceric double sulphate (Wing), Co2(NH3)10(SO4)3+Ce2(SO4)3+OH2 
Chloro-nitro-platino-chloride* Co2(NH3)10(NO3)2Cl4+2 PtCl4 
Chloro-nitro-hydrargo-chloride,*Co2(NH3)10(NO3)3Cl3-f3HgCl2. 

With the data given above before us, we may now compare the 

purpureo- and roseo- series more advantageously than has hitherto 

been possible. Genth and I at an early period in our investigation 

recognized the distinction between these two classes of salts, 
? a dis 

tinction which has been admitted by some chemists, strongly supported 

by Mills f and F. Rose, and summarily rejected by Blomstrand % and 
others. I shall omit from the discussion those salts which in the 

present state of our knowledge might be classed with either series. 

As a basis for the distinction which I uphold, I present the following 
facts : ? 

1. Chloride of purpureocobalt, Co2(NH3)10Cl6, cannot be converted 

into chloride of roseocobalt, Co2(NH3)10Cl6~j-2OH2, by recrystal 
lization from water. In other words, it does not unite directly 

with water to form a hydrate, the combination always taking 

place indirectly, as, for instance, when chloride of purpureocobalt 
is dissolved in ammonia water, and the solution poured into 

strong cold chlorhydric acid. The same argument applies in 

the case of the nitrate of purpureocobalt, which behaves in a 

precisely similar manner. Chemistry presents, so far as I have 

been able to discover, no single case in which similar relations 

exist between a salt and its hydrate. 
2. Chloride of roseocobalt, in either concentrated or dilute solution, 

loses two atoms of water, and is converted into chloride of pur 

* Krok, loe. cit. 

t L. & E. Phil. Mag. (4) xxxv. 245. 

? Chemie der Jetztzeit, p. 294, note. 
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pureocobalt by simple heating. I can recall no single instance 

in which a true hydrate behaves in a similar manner. Nitrate of 

roseocobalt, when heated in solution with a little free nitric acid, 

undergoes a similar conversion into nitrate of purpureocobalt. 
3. Sulphate, chromate, oxalate, &c, of roseocobalt in solution yield, by 

double decomposition in the cold with baric chloride and nitrate, 

salts of roseocobalt only. Is a mere state of hydration trans 

mitted from salt to salt ? 

4. According to the determinations of F. Rose,* one part by weight 
of chloride of roseocobalt requires at 10? C. 4*8 parts of water for 

solution. At the same temperature, one part of chloride of pur 

pureocobalt requires 287 parts of water for solution. Rose re 

marks that the identity of chloride of roseocobalt and chloride of 

purpureocobalt can only be maintained by admitting that the 

same salt can exist both in the hydrous and anhydrous condition 

in a solution at the same temperature, an assumption directly 

opposed to the numerous observations of RiidorfF and W?llner 

on the tension of the vapor of aqueous solutions. 

5. Solutions of the two chlorides form with the same reagents in 

many cases different salts. Thus, chloride of roseocobalt forms 

Co2(NH3)10Cl6-f 2PtCl4-f 50H2 with platinic chloride, 

Co2(NH3)10Cl6-f 2AuCl3+20H2 with auro-chloride of sodium, 

Co2(NH3)10(C2O4)3-f-6OH2 with ammonic oxalate. 

With the same reagents respectively, chloride of purpureocobalt 

gives, 

Co2(NH3)10Cl6+2PtCI4, 

Co2(NH3)10Cl?+2AuCl3,. 

Co2(NH3)10Cl2(C2O4)2. 

6. The greater number of the salts of the roseocobalt series contain 

water of crystallization. The greater number of the salts of pur 

pureocobalt are anhydrous. If it be replied that this statement 

involves a petitio principii, 
I reply that the presence or absence 

of water of crystallization is, in most cases at least, coexistent 

with other properties tending to establish a clear distinction be 

tween the two classes of salts. 

* Untersuchungen ?ber ammoniakalische Kobalt-Verbindungen. Heidel 

berg, 1871, p. 47. 
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7. I have rendered it, to say the least, extremely probable that there 

are three distinct modifications of roseocobalt, yielding salts with 

similar or identical empirical formulas, but differing in color and 

solubility. Is it unreasonable to suppose that there may be a 

fourth modification or possible variation in the arrangement of 

the atoms constituting the molecule Co2(NH3)10? 

"With respect to the few known cases in which salts of roseocobalt 

and purpureocobalt yield the same salts by double decomposition with 

the same reagents, I have to say that there appears to be no reason 

for doubting that in such cases there is a transformation of one modi 

fication of the molecule Co2(NH8)10 to another, since we already 
know that such transformation may be effected by heat alone. The 

best instances of this transformation occur in the case of the reactions 

of the two chlorides with potassic ferricyanide and cobalticyanide 
mentioned by Genth and myself. 

LUTEOCOBALT. 

Rogojski 
* first noticed the existence of a salt of luteocobalt con 

taining both chlorine and sulphuric oxide, and having a formula which 

we should now write Co2(NH3)]2Cl6-|-Co2(NH3)12(S04)3, but which 

might also be written Co2(NH3)12(S04)2Cl2+Co2(NH3)12(S04)Cl4. 
In examining this salt, Genth and I found that the chloride and sul 

phate are capable of crystallizing together in all proportions. Dana 

then showed that the two salts are isomorphous. Genth and I observed 

further that mixtures of the chloride and sulphate gave peculiar crys 
talline salts with the chlorides of platinum and mercury. These we 

naturally regarded simply as mixtures. Braun afterward obtained a 

chloro-chromate which he regarded as a double salt, and which we 

should now write Co2(NH3)12(Cr04)4Cl2. The salt is easily formed 

by mixing solutions of one molecule of the chloride and two of the 

neutral chromate. As in the case of the corresponding salts of roseo 

cobalt, Krok t first showed that definite compounds are formed when 

ammoniacal solutions of sulphate of luteocobalt are heated with iodine. 

The resulting iodo-sulphate has the formula Co2(NH3)12(S04)2I2. By 
the action of chlorine upon this salt the corresponding chloride is 

formed, and this gives well-defined crystalline salts with platinic and 

* 
Compt. Rendus, xxxiv. 186. t Acta Univ. Lund. 1840. 
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mercuric chlorides, which have respectively the formulas Co2(NHn)12 

(S04)2(HgCl2)2 and Co2(NH3)12(S04)2(PtCl6). 
Chloro-platino-chrornate of Luteocobalt. ? When neutral chromate 

of luteocobalt is dissolved, and a solution of platinic chloride added, 

brown-yellow crystals are obtained, which require a large quantity of 

boiling water for solution, and are difficult to purify by recrystallization. 
Of this salt : ? 

0-6567 gr. gave 0-1920 gr. platinum, and 0-6026 gr. silver = 29-23% 

platinum, and 
30-16% 

chlorine. 

These numbers indicate the formula Co2(NH3)12(Cr04)Cl4-j-2PtCl4 
-|-5 aq., which requires 29-33% platinum, and 31-55% chlorine. I do 
not consider the constitution of this salt to be sufficiently established 

by my analyses, though there is no a 
priori improbability in the for 

mula itself. 

Oxalo-auro-chloride of Lideocobalt. ? When neutral oxalate of luteo 

cobalt is digested with a solution of auro-chloride of sodium, the salt 

quickly changes its appearance as regards form and color, and a new 

salt is formed, which is readily soluble in boiling water, and crystal 

lizes from the solution in long orange-yellow needles. The formula 

of this salt is, 
? 

Co2(NH3)12(C204)2Cl2+2AuCl3 + 40H2, 

as appears from the following analyses : ? 

0-5109 gr. gave 0-2107 gr. gold, and cobalt = 41-24%, and 0-1628 

gr. gold = 31-86% gold, and by difference 9-38% cobalt. 

The formula Coa(NH8)12(C204)2Cl2-+-2AuCl8+40H2 requires gold 

31-56%, cobalt 9*47%. When neutral oxalate of luteocobalt is dis 

solved in chlorhydric acid, and auro-chloride of sodium is added, beau 

tiful yellow granular crystals are formed which contain no oxalic acid. 

In this salt, 
? 

0-3042 gr. gave 0*1875 gr. S04Co-f Au containing 0*1043 gr. gold = 

34-25%, and 0*0832 gr. S04Co = 10*41% cobalt. 
0-6738 gr. gave 0*7591 gr. silver = 37*03% chlorine. 

The formula Co2(NH3)12Clt?-f-2AuCl3 requires : ? 

Calculated 

Cobalt, 2 10*33 

Gold, 2 34-50 

Chlorine, 12 37-30 

Found. 

10-41 

34-25 

37-03 
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so that the salt is identical with that described by Genth and myself 
in the first part of this paper. When platinic chloride is digested with 
neutral oxalate of luteocobalt, the salt changes its form and color in so 

marked a degree as to leave no reasonable doubt of the formation of a 

new salt. On attempting, however, to purify this salt by solution in 

boiling water and recrystallization, I found that decomposition at 

once commenced, carbonic dioxyd being given off in abundance. 

There can hardly be a doubt, I think, that the salt, Co2(NH3)]2(C204)3 
Cl2-|-PtCl4, is at first formed, and subsequently decomposed. Oxa 

late of luteocobalt dissolves in hot oxalic acid, and yields a pale buff 

felted mass of crystals of an acid oxalate. 

Pyrophosphate. 
? When sodic pyrophosphate is added to a solution 

of luteocobalt, a beautiful crystalline precipitate is formed in talcose 

scales with a 
high lustre, remarkably insoluble in water. Braun, who 

first studied this salt, assigns to it the formula,? 

3(Co2(NH3),A)+5P2O5+40OH, 

(old style) and suggests that it may be a double salt with the 
formula, 

? 

2(Co2(NH3)60rP05+80H)+Co2(NH8)6O3-3P05+240H, 

in which case it would contain both orthophosphoric and metaphos 

phori'c oxides. My analyses have led me to the much simpler for 

mula, 
? 

Ook(NH3)u.(P4OJ+60Hi> 

the constitution of the salt being perfectly analogous to that of the 

pyrophosphate of purpureocobalt already described. The salt analyzed 
was precipitated from a hot solution of chloride of luteocobalt by a 

solution of sodic pyrophosphate, well washed with cold water, and 

dried in vacuo over sulphuric acid. Of the crystals, 

0-8178 gr. gave 0-4692 gr. by ignition = 57-30% Co2P4012. 
0-8174 gr. gave 0-4651 gr. by ignition = 

56*89% Co2P4012. 
0-5879 gr. gave 0*0693 gr. water heated up to 120? C. until the weight 

was constant 
=11-78%. 

0-7515 gr. gave 0-4359 gr. PaOrMga 
= 

43-37% P4013. 

The water given off up to 120? C. corresponds to five atoms, the cal 
culated percentage being 11-81. The last atom of water is retained 
at 140? C. 
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Calculated. Found. 

Co2P4012, 56*95 57-09 (Mean.) 
10NH3+6OH2+O, 43-05 42-91 

100-00 100-00 

The formula requires 43-57% P40]8. Found 43-37%. The analysis 
was made by fusing the salt with C08KNa, and precipitating as 

ammonio-magnesic phosphate. Iodide of luteocobalt gives the same 

salt, and does not yield an iodo-pyrophosphate Lc.P207.I2 
as might 

perhaps have been expected. 

Sulphate of Thallium and Luteocobalt. ? When a solution of thal 

lous sulphate containing free sulphuric acid is oxidized by potassic 

hypermanganate, a dark brown precipitate is formed which readily 

redissolves on the application of heat. The clear solution produces in 

a solution of sulphate of luteocobalt, after a few minutes, a beautiful 

crystalline precipitate of yellow talcose scales which have a peculiar 

silky lustre. These crystals are decomposed by washing even with 

cold water, a brown powder of thallic hydrate Tl(OH)3 being formed. 

The decomposition may be prevented by adding sulphuric acid to the 

water. Of this salt : ? 

0*5079 gr. gave 0*3169 gr. = 62-39% sulphates of cobalt and thal 

lium. 

0-7421 gr. gave 0-6557 gr. S04Ba = 36-40% S04. 

In the last analysis, the thallium was first reduced in a solution con 

taining free chlorhydric acid by metallic magnesium, as zinc did not effect 

a reduction even after long boiling. The precipitated spongy thal 

lium dissolved completely in the excess of free chlorhydric acid. The 

formula of the salt is Co2(NH3)12(804),+Tl2.0.(S04)2+50H2, which 

requires 36*49% S04 and 61*81% of the mixed sulphates, 2.S04Co-( 
so/n, 

I did not succeed in obtaining analogous salts with the sulphates of 

roseocobalt, xanthocobalt, or croceocobalt. It is remarkable that the 

thallic sulphate in this salt is basic. I verified the analysis by a 

second determination of S04, made by decomposing the salt with hot 

water, filtering off the thallic hydrate formed, and determining the 

S04 in the filtrate by baric chloride. The analysis gave 36*11%. 
Dichromate. ? Potassic dichromate precipitates luteocobalt from 

concentrated solutions of the nitrate in beautiful orange needles, which 

may be redissolved and recrystallized without decomposition. The 

salt dissolves rather easily in hot water, but different preparations 
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appeared to contain different amounts of water of crystallization. In 

one preparation in fine crystals : ? 

1-3713 gr. gave 0-5952 gr. CraOs= 61-62 
% Cr207. 

The formula Co2(NH3)12(Cr207)3+50H2 requires 61-17%. 

METAMERIC SALTS. 

I have already stated that roseocobalt and xanthocobalt give beauti 

ful crystalline salts with the electro-negative or chlorous radical of 

Erdmann's remarkable series. The formula of the octamin salt may 
be written, 

? 

^Co2(NHs)8(N02)4|,^Co2(NH3)4(N02)8f"orCo2(NH3)8(N02)(i+ 
Co2(NH3)4(N02)6, 

while that of the xanthocobalt salt is, 
? 

|Coi(NH4)M(N011)?HCoi(NH?)4(NO?)gfll or Co2(NH3)10(NO2)6+ 
2(Co2(NH3)4(N02)6). 

It will readily be seen that, as 
already shown, the croceocobalt salt is 

empirically 
2. Coa(SHJt?SOJ? 

and the xanthocobalt salt 

_ 
3. Co2(NH3)8(N02)6, 

and consequently that both are metameric with the hexamin nitrite 

of Erdmann Co2(NH3)6(N02)6. I will now show that there are two 

other compounds also metameric with Erdmann's salt, and yet per 

fectly distinct in chemical structure and properties. 
When potassic nitrite is added to a solution of cobalt containing a 

little free acid, a yellow crystalline substance is gradually precipitated, 
which is the well-known salt first described by Fischer. The investi 

gations of Professor Sadtler first definitively proved that this salt is 

essentially Co2(N02)J2K6, the number of atoms of water of crystalliza 
tion varying with the circumstances under which the salt is formed. 

Professor Sadtler has also described and analyzed the corresponding 
sodic and ammonic salts. The sodic salt is not immediately precipi 
tated when sodic nitrite is added to an acid solution of cobalt, but in 

presence of an excess of the alkaline nitrite remains in solution, giving 
a deep orange-colored liquid. I found that this solution gave beauti 

ful crystalline precipitates with salts of luteocobalt and roseocobalt. 
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These were first analyzed and described in my laboratory by Sadtler, 
who found for the luteocobalt salts the formula, 

? 

Co2(NH8)12(N02)6+Co2(N02)6+OH2. 
In resuming the study of this subject, I found the method of prepara 
tion at first adopted somewhat uncertain, because the excess of the alka 

line nitrite acts readily upon the cobaltamine, forming other products 
not always easy to separate. The following method gives better re 

sults. Cne molecule of any soluble salt of the cobaltamine ? the 

nitrates are to be preferred 
? is to be dissolved with two molecules of 

cobaltic chloride or nitrate, and a little acetic acid. A solution con 

taining as nearly as possible twelve molecules of sodic nitrite is then to 

be added. The luteocobalt salt is precipitated almost immediately ; 

the corresponding salt of roseocobalt after a short time. 

The salt of luteocobalt obtained in this way is a yellow crystalline 

body very slightly soluble in cold water, and easily purified by wash 

ing. Boiling water dissolves it in very small quantity, giving a pale 

yellow solution. I have usually obtained it in rather larger deep 

orange granular crystals by adding a solution of the corresponding 
much more soluble roseocobaltic salt, Co2(NHg)10(NO2)6-f-Co2(NO2)6, 
to a hot neutral solution of nitrate of luteocobalt. It may also be 

formed by adding a solution of Co2(N02)(j-f-6NaN02 in excess of sodic 

nitrite to a solution of luteocobalt, there being in this case less danger 
of the formation of other products than with the other cobaltamines. 

I find the formula of this salt to be 

^Co2(NH,)]2HCo.2(N02;y or Co2(NH3)I2(NO2)6+Co2(NO2)0, 

as the following analyses, made with three different preparations, 

clearly show : ? 

0-3312 gr. gave 0-2056 gr. S04Co 
= 

23-78% cobalt. 

0-3776 gr. gave 0-2369 gr. S04Co 
= 

23-89% cobalt. 

0-1785 gr. gave 0-1115 gr. S04Co 
= 

23-78% cobalt. 

The formula requires 23*79% cobalt for the anhydrous salt. In 

one preparation, however, I obtained a salt in which 

0-4291 lost 0-0087 gr. at 125? C. = 2-16. 

This would correspond to Sadtler's formula, which requires 1-78%, 
if 

we consider a part of the water as hygroscopic, or that, as is more proba 

ble, there was a slight decomposition. In the dried salt, 
? 

0-4204 gr. gave 0*2643 gr. S04Co = 23-93% cobalt. 



OF ARTS AND SCIENCES. 33 

so that the salt when containing an atom of water of crystallization, 

certainly becomes anhydrous a little below 125? C. 

The structural formula of the salt is : ? 

Co, 

NH,?NHq 

NH^-NH, 

NHQ?NH, 

NH,?NHq 

NH3?NH3 

-0 

-0 

-N<g>N 

-N<g>N 

-0?N<g>N 

-0-N<?>N 

-0-N<?>N 

NH,?NHq?0 -N<?>N 

Co, 

In this case, as in formulating Fischer's salts (p. 17), I have as 

sumed that six units of affinity of the hexatomic complex, Co2, on the 

right, are saturated by six units of affinity of nitrogen, which is of 

course equivalent to supposing that a nitrite may be R ? N< a, and 

not, according to the usual view, O = N ? OR. It seems to me that 

the first view exhibits more clearly the mutual relations of the am 

monia and nitroxyl compounds of cobalt, and the existence of such 

intermediate compounds as the salts of Erdmann's series. But it is 

also possible that, while the alkaline nitrites have the structural for 

mula, O = N ? 
OM, very stable compounds, like Co2(N02)12K6, have 

the different structure which I have above assumed. It will be seen that 

the difference corresponds to that between ethylic nitrite, 0 = N ? O 

C2H5, and the far more stable nitro-ethan a>N 
- 

C2H5. 

When the luteocobait salt just described, and which we may more 

briefly express by the formula Co2(N02)12Lc, is digested with a solu 

tion of thallous nitrate, T1N03, containing a little free nitric acid, the 

yellow salt soon becomes red, and finally assumes a fine scarlet tint, 
while the supernatant liquid becomes yellow, and contains nitrate < f 

luteocobait. After washing with hot water and drying, a fine crystal 
line scarlet salt of thallium is obtained, which has the formula, 

Co2(N02)12Tl?+20H2, 
as the following analyses show : ? 

0*3964 gr. gave 0*3724 gr. sulphates of cobalt and thallium == 

93-94%. 
0-9879 gr. gave 0-0034 gr. water at 102? C. = 

0-34^, 
0-010 gr. at 

130?-135? C.= 1-02%, and 0-0318 gr. at 150? C. = 
3-22%. 

VOL. XI. (n. S. II.) 3 
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The formula requires 94-39% of the mixed sulphates 2S04Co-f 
3S04T12, and 

1*86% water. The salt is partially decomposed above 

140? C. 
The thallium salt is very slightly soluble even in boiling water. 

Its formation is expressed by the equation, 
? 

Co2(N02)I2Lc+6TlN03 = Co2(N02)12Tl6+Lc(N03)6. 
It may also be prepared directly by adding a solution of a salt of cobaltic 

nitrate or sulphate to a hot solution of thallous nitrate containing a 

slight excess of free acid, and then adding 
a solution of sodic nitrite? 

The salt prepared in this manner, however, is apt to contain a little of 

the corresponding sodium salt. The thallium salt is a valuable re 

agent in investigations on the cobalt compounds which contain nitroxyl. 

N02, since, taken in connection with the characteristic silver salt of 

Erdmann's series, it enables us to recognize and distinguish compounds 
which contain Co2(N02)12 from those which contain Co2(NH3)4(N02)8, 
which is otherwise by no means easy. 

The relationship of the luteocobalt salt above described to the other 

metameric salts of the series may be expressed as follows : ? 

ECo2(NH3)12HCo2(N02)I2; = 2.Co2(NH3)6(N02)6, 
the salt having the same atomic weight as the octamin salt already 
described represented by the formula, 

? 

\Co2(NH3)8(N02)4\ \Co2(NH3)4(N02y. 
Ammonia-cobalt-nitrite of Luteocobalt. ? A solution of nitrate of 

luteocobalt gives with one of Erdmann's salt of potassium, Co2(NH3)4 

(N02)sK2, a fine granular orange-yellow precipitate, which is slightly 
soluble in cold water, but dissolves in much boiling water, and crystal 
lizes from the solution without change. Its much greater solubility 

distinguishes it from the metameric salts containing Co2(N02)12. The 

constitution of this salt is expressed by the formula, 

?Co2(NH3)i2^Co2(NH3)4(N02)8'j3 
or C(.2(NH3)12(NO2)0+ 

(Co2(NH3)4(N02)6)3, 
as the following analyses show : ? 

0-3311 gr. gave 0-2077 gr. S04Co = 23-88% cobalt. 
0-5073 gr. gave 141-5 c.c. nitrogen at 9?C. and 760mm = 

33-86% 

nitrogen. 

The formula requires 23*79% cobalt, and 33-87% nitrogen. 
A solution of this salt gives with argentic nitrate the characteristic 
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salt, Co2(NH3)4(N02)8Ag2 ; it also gives, though somewhat sluggishly, 
the characteristic reactions of salts of luteocobalt. The analyses and 

reactions leave no doubt as to the true constitution of the salt. Its 

relations to the other bodies metameric with it may be seen from the 

expression, 
? 

*Co2(NH3)12 HCo2(NH3)4(N02)8i8 = 4 Co2(NH3)6(N02)6. 

It has the same molecular weight as the octamin salt : ? 

\ Co2(N02)12H Co2(NH3)4(N02) J3. 

In the metameric series to which I have directed attention, at least 

two other members are theoretically possible. Thus we should cer 

tainly expect the reactions and products indicated by the equa 
tions : ? 

3.Co2(NH3)10(NO2)2Cl4+2.Co2(NO2)12Na6 = {Co2(NH8)10|3 
JCo2(N02)12^2+12NaCl. 

3.Co2(NH3)8(N02)4Cl2+Co2(N02)12Na6 = 
\Co2(NH3)8(N02) J3 

^Co2(N02)12^+6NaCl. 

The first or xanthocobalt salt would be empirically, 5.Co2(N.Ho)6 

(N02)6, while the second or croceocobalt salt would be 4.Co2(NH3)6 
(N02)6. I have more than once been fully confident that I had ob 

tained both these salts ; but in the final revision of my work I did not 

succeed in obtaining either for analysis, and their existence must 

therefore, for the present, remain doubtful. The difficulty in prepar 

ing the salts of the Co2(N02)]2 series depends mainly upon the fact 

that it is indispensable to avoid an excess of sodic nitrite in preparing 
the solution of Co2(N02)12Na6 in that salt, as the sodic nitrite acts 

readily on the new salts formed. The possible existence of the anhy 
drous xanthocobalt salt of the 

Co2(N02)]2 series is, however, shown by 
the existence of the compound 

^Co2(NH3)10(NO2)2|3^Co2(NO2)12^+9OH2, 

which I have described with the salts of purpureocobalt, but which, as 

already stated, belongs, as its reactions show, to the xanthocobalt series. 

The metameric compounds, the existence of which may be consid 
ered as fully established, are as follows, denoting ammonia by A, and 

N02 by X, for brevity : ? 
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Octamin salt, |Co2A8XJ?Co2A4XJ = 

Xanthocobalt salt, \ Co2A10X2 \ \ Co2A4X8 \ 2 = 

Luteo salt a, |^?2^i2^ |Co2X12^ = 

Luteo salt ?, ^Co2A12J ̂Co2A4XJ3 = 

Erdmann's salt, 

2- Co2A6X6 
3. Co2A0X6 
2. CoAX, 

4. Co2A6X6 
1. Co2A6X6 

The salts of luteocobait, the formulas of which may be considered as 

well established, are as follows : ? 

Chloride, 
Iodide, 

Bromide, 

Nitrate, 

Sulphate, 

Chromate, 

Dichromate, 

Oxalate, 

Carbonate, 

Acid carbonate, 

Phosphate (Braun), 
Pyrophosphate, 
Cobalto-nitrite (Sadtler, 

Gibbs), 
Ammonia-cobalt-nitrite, 

Sulphato-chloride (Krok), 
Sulphato-iodide (Krok), 
Chromo-chloride (Braun), 

Cobalticyanide,* 

Ferricyanide,# 

Chromicyanide (Braun), 
Platino-chloride, 

Auro-chloride, 

Stannoso-chloride (Braun), 

H}drargo-chloride (Krok), 
Hydrargo-chloride (Carstan 

Sulphato-hydrargo-chloride 

(Krok). 

Co2(NH3)12Cl6 
Co2(NH3)12I6 
Co2(NH3)12Br6 
Co2(NH3)12(N03)6 
Co2(NH3)12(S04)3+50H2 
Co2(NH3)12(Cr04)3+50H2 
Co2(NH3)12(Cr207)3+50H2 
Co2(NH3)12(C204)3+40H2 
Co2(NH3)12(C03)3+70H2 
Co2(NH3)12(C03)3+CH203+50H2 
Co2(NH3)12(P04)2+80H2 
Co2(NH3)12.P4013+60H2 

Co2(NH3)12.Co2(N02)12 
Co2(NH3)12^Co2(NH3)4(N02)8?3 
Co2(NH3)12(S04)2Cl2+60H2 
Co2(NH3)12(S04)2I2 
Co2(NH3)19(CrO4)9Cl2+10OH2 
Co2(NH3)12Cy6+Co2Cy6 
Co2(NH3)12Cy6+Fe2Cy6 
Co2(NH3)12Cy6+Cr2Cy6 
Co2(NH3)12Cl6+3PtCl4+60H2 
Co2(NH3)12Cl6+2AuCl3 
Co2(NH3)19Cl6+3SnCI9+80H2 
Co2(NH3)12Cl6+2HgCl2+30H2 

Co2(NH3)12Cl6+4HgCl2+OH2 

Co2(NH3)12(S04)2Cl2+2HgCl2 

* The analyses of the cobalticyanide and ferricyanide made hy Genth and 

myself correspond better with a formula containing one atom of water of crys? 
tallization. 
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Sulphato-platino-chloride, Co2(NH3)12(S04)2Cl2+PtCl4 
Cerous double sulphate 

(Wing), Co2(NH8)12(S04)8+3S04Ce+OH3 
Ceric double sulphate (Wing), Co2(NH8)12(S04)3+Ce2(S04)3+OH2 

Hyperiodides, Hyperbromides, fyc. 
? When bromine is added to solu 

tions of the salts of roseocobalt, purpureocobalt, and luteocobalt, yellow 
or orange crystalline precipitates are formed which contain bromine in 

excess of the quantity of the chlorous element necessary to form a 

normal salt. These compounds give off bromine readily on drying, 
and cannot be obtained pure for analysis. Iodine behaves in a sim 

ilar manner with some of the cobaltamines, but not with all. I have 

already described the hyperiodides of the xanthocobalt and croceoco 

balt series, and shall content myself with having established the exist 

ence of this class of compounds which bear a certain resemblance to 

the hyperiodides of the higher alkaloids. 

FORMATION AND PREPARATION OF THE COBALTAMINES. 

In our joint memoir Genth and I confined our attention almost 

exclusively to the determination of the constitution of the cobaltamine 

salts and to their description, reserving a detailed study of the mode 

of formation of these compounds for the second part of our work. 

Circumstances prevented for many years a resumption of the subject. 
In the mean time the excellent memoir of Dr. Friedrich Rose * has 

appeared, and in this the formation of the cobaltamines by the oxida 

tion of ammoniacal solutions of cobaltic salts has been carefully studied. 

The memoir contains also the fullest history of the whole subject which 

has yet been given. Rose's results may be epitomized as follows: 

An ammoniacal solution of cobaltic chloride absorbs oxygen, forming 
a brown solution which, after some days, becomes red by loss of oxy 

gen. The red solution can again absorb oxygen and become brown. 

When strong chlorhydric acid is added to the brown solution, carbonic 

dioxide and chlorine are evolved, while a reddish-yellow precipitate is 

formed. This precipitate is a mixture of the chlorides of purpureo-, 

roseo-, and luteocobalt, of a black salt for which no rational formula 

* 
Untersuchungen ?ber ammoniakalische Kobalt-Verbindungen. Von Dr. 

Friedrich Rose. Heidelberg, 1871. 
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has yet been given, and of the two green chlorides. The mother 

liquor contains cobaltic chloride, the two green chlorides, Co2(NH?)6 

C16+20H2, and Co2(NH3)8Cl6+20H2, and traces of all the other 
salts. 

Rose determined quantitatively the proportions in which the differ 

ent salts were formed when different relative quantities of ammonia 

and cobaltic chloride were employed. His results do not sustain in 

his opinion the view taken by Genth and myself, that in the oxidation 

chloride of luteocobalt and an oxy chloride which we should now 

write, Co2(NH3)10.O.Cl4, are formed. This view, since the publication 
of the first part of this memoir, appeared to be strongly supported by 

experiments of Blomstrand, which showed that iodo-sulphates of roseo 

cobalt and luteocobalt are formed when a solution of cobaltic sulphate 
in strong ammonia-water is heated with iodine. Blomstrand repre 
sents the reaction in this case, as regards the formation of the iodo 

sulphate of luteocobalt, by the equation,? 

+2I=Co2(NH3)12(S04)2I2. 

The formation of the corresponding iodo-sulphate of roseocobalt may 
be explained with equal facility. It was natural to expect the similar 

reaction expressed by the equation, 
? 

2 Co(NH8)6Cl2+0 = Co2(NH3)10.O.Cl4+2NH3; 

but Rose's results show that the r?le of the oxygen is, in most cases at 

least, different from that of the iodine, at least when free oxygen is the 

oxidizing agent. Rose failed to determine the nature of the brown 

compound which is formed during the oxidation of an ammoniacal 

solution of cobaltic chloride, and which is, in his opinion, the source of 

all the other chlorides. It is consequently impossible to express the 

derivation of these chlorides from their primitive by means of equations. 
But with cobaltic nitrate and ammonia the case is different. Fremy 

long since showed that in this case the nitrate of " 
oxycobaltiaque," to 

which he gives the formula, Co2(NH3)5.02.(N03)2-|-OH2, is formed. 

By passing a rapid current of air through a solution containing cobaltic 

nitrate, ammonia, and ammonic nitrate, I obtained an olive-brown 

solution, which after twenty-four hours deposited dark olive-green 

prisms in abundance. These were dried by pressure between folds of 

paper, and then for twelve hours over sulphuric acid. Of this salt, 
? 

? 
NH3?NH3?NH3^ Qn c? 

Jnh3-nh:-nh3>s?4 
Co JNH8-NH?-NH8 so Uo 

lNHq?NH,?NHq>bU4 
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0-5479 gr. gave 0-0980 gr. S04Co 
= 

17-87% 
cobalt. 

0-8183 gr. gave 0-1459 gr. S04Co 
= 

17-83% 
cobalt. 

0-4640 gr. gave 0-2170 gr. water = 
5-19% hydrogen. 

1-0060 gr. gave 0-4605 gr. water = 
5-09% hydrogen. 

0.4091 gr. gave 118*5 c.c. nitrogen 
= 

28-97% nitrogen. 
0*3635 gr. gave 109*4 c.c. nitrogens 29-93% nitrogen. 

These analyses correspond tolerably well with the empirical for 

mula, 
? 

Co(NH3)A(N03)2+OH2, 
which requires, 

? 

Calculated. Mean. Found. Fremy's formula. 

Cobalt, 2 18-55 17-85 17-83 17*87 19-54 

Hydrogen, 34 5-34 5-14 5-19 5-09 5*63 

Nitrogen, 14 30*85 29*45 28'97 29*93 32-45 

Oxygen, 18 45-28 47-51 43-38 

In judging the analyses it must be remembered that the salt cannot be 

recrystallized, as it is instantly decomposed by water. By standing 
for a long time over sulphuric acid, the salt loses water and some am 

monia. In a salt so dried, 
? 

0-5088 gr. gave 0-2690 gr. S04Co = 20-12% cobalt. 
0-3290 gr. gave 0*0859 gr. NH3 = 

26*11% ammonia (by boiling 
with KHO solution and titrition). 

0-4308 gr. gave 0-1124 gr. NH3 = 26-09% ammonia (by boiling 
with KHO solution and titrition). 

The undecomposed anhydrous salt would contain 
19*66% cobalt, and 

would give off by boiling with potash 28*33% ammonia. I consider 

the true formula of this salt * to be twice as high as that given above, 
so that it becomes, 

? 

Co2(NH3)10.O4.(NO3)4+2OH2. 

Fremy found very nearly the same percentages of nitrogen and hydro 

gen, but a much higher percentage of cobalt, 2077%. 
He also found 

that the salt is readily decomposed by water with evolution of oxygen. 
In a single analysis to determine the quantity of oxygen evolved, I 

obtained the following results : ? 

* In a letter to the German Chemical Society, I have represented the nitrate 
of oxycobaltiaque as containing four atoms of ammonia to one of cobalt ; but a 
careful revision of my analyses leads to the formula given above. Deutsche 
Chem. Gesell. Berichte, iv. 790. 
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1-4510 gr. gave 59-5 c.c. oxygen at 22? C. and 758 
mm = 

5-25% 

oxygen. 

This would correspond to one atom of oxygen for the formula given 
above. Fremy also determined the amount of oxygen given off by the 

action of dilute sulphuric acid, aud obtained as a mean of two analyses 

5-20^. So far as can be judged from the analyses above, the formula 

which I have given deserves the preference. On the other hand, 

Fremy's formula, which I double for the sake of comparison, 

Co2(NH3)10O2(NO3)4+2OH2, 
is perhaps somewhat simpler, and explains all the known reactions at 

least equally well. The corresponding structural formulas may be 

written, 
? 

NH??NFL?NO, 

Co2 

N H ? NH3-NH3?N03 
04 Co2 

N H8?NH8?NH3?N03 

NH3?NH3?N03 

NH ? NH- N08 
NH3?NH?NIL?N )3 

NH8?NH,-NH8?N08 
NH8?NH8?N08 

I adopt provisionally the formula which agrees best with the analy 

ses, fully recognizing the possibility that the other may prove correct. 

In this connection I may mention that when iodine is added to a solu 

tion containing cobaltic nitrate, ammouic nitrate, and ammonia, an 

olive-green crystalline precipitate is thrown down which contains 

iodine, and which may prove to be either the iodide corresponding to 

the nitrate above discussed, or an iodo-nitrate corresponding to the 

oxy-nitrate. The formation of this nitrate may be expressed by the 

equation, 
? 

4Co(N03)2+24NH3+20H2+80 
= 2.\ Co2(NH3)10.O4.(NO3) J 

+20(NH4)2. 

It is remarkable that the action of iodine upon an ammoniacal solu 

tion of cobaltic nitrate is not analogous to its action upon an ammoni 

acal solution of the sulphate. When the nitrate is heated with chlor 

hydric acid, a small quantity of chloride of purpureocobalt is, as I 

find, always formed. Wre may have the reaction expressed by the 

equation 
: ? 

Co2(NH3)10O4(NO3)4+12HCl 
= Co2(NH3)10Cl6+4NO3H+ 

40H2+6C1 ; 

but the greater part of the nitrate is decomposed. The formation of 

the chloride of purpureocobalt under the circumstances is, I think, a 



OF ARTS AND SCIENCES. 41 

strong argument in favor of doubling the formula given by Fremy, or 

at least of regarding the cobalt as hexatomic in this salt. 

The above results appear to me to render it probable that the brown 

solution formed by the oxidation of an ammoniacal solution of cobaltic 

chloride contains chiefly 

Co2(NH3)10.O4.Cl4. 

According to Rose, the brown solution gives off oxygen by long 
contact with the air, forming the well-known red liquid which yields, 

by boiling with sal ammoniac or 
chlorhydric acid, chloride of purpureo 

cobalt. If we suppose that six atoms of oxygen are given off from 

two molecules of the oxychloride, the salt, 
? 

Co2(NH3)10OCl4, 

will remain in solution, and it is easy to see that this, by boiling with 

chlorhydric acid or ammonic chloride, will yield chloride of purpureo 

cobalt, since we have ? 

Co2(NH3)10OCl4+2HCl = 
Co2(NH3)10Clc+OH2. 

This is precisely the view taken by Genth and myself as regards the 

nature of the red solution, though we did not trace its origin to the 

brown oxy chloride. Genth and 1 stated in our paper that the pres 
ence of ammonic chloride was not necessary for the formation of 

chloride of roseocobalt by the oxidation of an ammoniacal solution of 

cobaltic chloride. We did not state, as Rose * 
appears to have under 

stood us, that it is a matter of indifference whether ammonic chloride 

is present or not. Rose has shown that in the presence of this salt a 

much larger relative amount of chloride of purpureocobalt is formed. 

Thus, as a mean of eight experiments, he obtained from one hundred 

grams cobaltic chloride, oxidized in presence of sal ammoniac, 134*6 

grams chloride of purpureocobalt, and 12*12 grams chloride of luteo 
cobalt. When no sal ammoniac was present, he obtained, as a mean 

of eight experiments, 90*66% chloride of purpureocobalt, and 16*82 

grams chloride of luteocobalt. Rose's results in no way disprove the 

existence in the oxidized solution, after giving off oxygen to the air, of 

the ox}rchloride Co2(NH3)10.O.Cl4 ; and this view, which is perfectly 
consistent with the facts, still gives the simplest explanation of them. 

Genth and I always obtained the largest relative quantity of luteo 

cobalt when the solution exposed to the air contained cobaltic chloride 

* Loe. cit. p. 76. 



42 PROCEEDINGS OF THE AMERICAN ACADEMY 

and sulphate, ammonia and coarsely powdered ammonic chloride in 

large excess. I have obtained the same results in frequent repetitions 
of the process. According to Rose, this result is due not to the forma 

tion of a greater amount of luteocobait salts in consequence of the 

presence of sal ammoniac, but to the fact that the precipitation of the 

sulphato-chloride, Co2(NH3)K(S04)2Cl2, as fast as it is formed, prevents 
its further decomposition. Rose's own experiments, cited above, show 

that the larger quantity of chloride of luteocobait was formed, when no 

sal ammoniac was present, when only cobaltic chloride was employed. 
He suggests that the quantity of luteocobait formed depends upon the 

longer action of a concentrated solution of ammonia upon the oxidized 

solution. If this be the case, the luteocobait must be formed by the 

direct oxidation of the solution, and not by the decomposition of the 

brown salt, whatever that may prove to be. Yet Rose assumes that all 

the other cobaltamines are formed by the decomposition of this brown 

salt. 

The results of Fremy, in connection with those of Rose, appear to 

show that in the oxidation of an ammoniacal solution of cobaltic 

chloride at least two brown salts are formed. These are the chloride 

of oxy-cobaltia, Co2(NH3)10O4Cl4, and the chloride of fuscocobalt 

(octamin oxy-chloride), Co2(NH3)8OCl4, the last named being in rela 

tively small quantity. By the action of chlorhydric acid upon each of 

these salts the chlorides of luteocobait and purpureocobalt are formed. 

This appears in the case of the octamin salt from the experiments of 

Fremy,* Schiff, f and Braun t ; in the case of the salt of oxy-cobaltia 

(tetroxy-decamin), from those of F. Rose. In Rose's experiments 

relatively small quantities of the hexamin and octamin chlorides, 

Co2(NH3)6Cl6, and Co2(NH3)8Cl6, were always found in the mother 

liquor after the precipitation of the chlorides of purpureo- and luteo 

cobait by chlorhydric acid. It seems at least probable that the octa 

min chloride is formed from the brown oxy-chloride or fuscocobalt 

salt of Fremy, since we may with great probability expect the reac 

tion expressed by the equation, 
? 

Co2(NH3)8OCl4+2HCl = Co2)NH3)8Cl6+OH?. 

Rose also obtained in his experiments a nearly black crystalline salt, 

the analyses of which, however, did not lead to any rational formula. He 

* Ann. de Chimie et de Physique [31 T. xxxv. 286. 

t Ann. der Chemie und Pharmacie, cxxi. 124, cxxiii. 1. 

X Ann. der Chemie und Pharmacie, cxl. h\, p. 60. 
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compares his results with the two formulas (old style), Co9CluON16H45, 
and Co9Cln02N16H46. I find that his analyses agree fairly well with 

the formula, 
? 

Co2(NH3)6.O.Cl4+NH4CL 
Thus we have, 

? 

Calculated. Found (mean). 

Cobalt, 2 27-34 28-46 

Chlorine, 5 40-55 41-64 

Nitrogen, 7 22-71 23-43 

Hydrogen, 22 5-09 5-33 

If we suppose that the black salt consists at least essentially of 

Co2(NH3)6.O.Cl4 the formation of Rose's dark green chloride of dichro 

cobalt is readily explained by the equation, 
? 

Co2(NH3)6.O.Cl4+2HCl =z Co2(NH3)GClt?+OH2, 

The existence of such a double chloride as 
Co2(NH3)6.O.G4-| 

NH4C1 is in itself not very probable, nor is it easy to see how such a 

salt could be dissolved in concentrated sulphuric acid, and precipitated 

by chlorhydric acid without change. Farther investigations are re 

quired to determine the constitution of the salt definitively. 
Terreil * 

appears to have first shown that salts of the cobaltamines 

are formed when powerful oxidizing agents are added to ammoniacal 

solutions of cobaltic salts. Terreil employed hypermanganates and 

hypochlorites ; Braun,f the hyperoxides of lead and manganese ; 

Mills, % iodine, bromine, and potassic dichromate ; Blomstrand, ? 
iodine and cobaltic sulphate. On repeating these processes, I find that 

that of Mills with potassic dichromate is by far the best for preparing 
nitrates of roseocobalt and purpureocobalt. Blomstrand's method is 

inconvenient upon the large scale in consequence of the insolubility of 

the sulphato-iodide of luteocobalt, but answers well on the small scale, 
and gives a fine lecture-table experiment. A good method of prepar 

ing the salts of luteocobalt in quantity is still wanting, as the chloride 

and nitrate form valuable reagents in various analytical operations. 

* Zeitschrift f?r Anal Chemie, v. p. 114. t Comptes Rendus, lxii. p. 139. 

i Phil. Mag. (4) xxxr. p. 245. ? Chemie der Jetztzeit, p. 295. 
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THEORETICAL VIEWS. 

Since the appearance of the first part of this paper many chemists 

have given expression to theoretical views of the constitution of the 

ammonia-cobalt salts. Of these I think it will be necessary to notice 

only those in which the atomicity of cobalt is taken into account, the 

older theories having passed away with the chemistry of which they 
formed a part. So far as I can determine, Frankland* first endeav 

ored to reduce the formulas of the cobaltamines to atomistic expres 

sions. In the first edition of his lecture notes he gives for the chlorides 

of purpureocobalt and luteocobait respectively the formulas, 
? 

Co9 

NH2(NH4)C1 
NH2(NH4)C1 
NH..C1 

NH3CI 
Coo 

NH2(NH4)C1 
NH2(NH4)C1 

NH9(NH4)C1 
NH?(NHJC1 
NH9(NH4)C1 
NH9(NH4)C1 
NHC(NH4)C1 

[ NH2(NH4)C1 
It is easy to see that the other series of salts may be formulated in 

a similar manner. Frankland's view was an important step in ad 

vance. It may fairly be objected to it, however, that it involves the 

replacement of hydrogen in ammonium by ammonium and by chlorine, 

a view which was not new, and which is certainly defensible, but 

which has never been generally received by chemists. If we replace 

in ammonium, NH4, one atom of hydrogen by one atom of chlorine, 

and another atom of hydrogen by an atom of ammonium, it is difficult 

to see how the new ammonium, NH2(NH4)C1, 
can possess a suffi 

ciently well-marked chlorous power to unite with the highly zincous 

cobalt so as to form an extremely stable compound. 

In a paper on the theory of atomicities, f I have given another view 

of the constitution of the cobaltamines and of the analogous platin 

amines. If nitrogen be regarded as pentatomic, ammonia will be 

diatomic, and any number of atoms of ammonia may be regarded as 

constituting a single diatomic whole. Taking the atomicity of cobalt 

(Co 
= 

59) as 6, two atoms of the metal may be supposed to unite to 
vi vi 

form a complex with eight units of affinity, since we have =Co = Co- ; 

of these eight units two will be saturated by the diatomic ammonia, 

* Lecture Notes, 1st edition, p. 196. t Am. Journal, Vol. xliv. Nov. 1867. 
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the other six by chlorine, &c. Upon this view chloride of purpureo 
cobalt becomes (10NH3) = Co2l Cl6, and chloride of luteocobalt 

(12XH3)=r Co21 Cl6. In this manner the old theory of couplets or 

conjugate ammonias may be rationalized and brought into harmony 
with modern ideas. Two strong objections may be urged against the 

theory here proposed. The first is that it requires us to consider an 

atom of cobalt as hexatomic, while it exhibits in no other compound 
an atomicity higher than four. The other objection has, I think, 

much greater weight. To explain upon this view the cases of isomer 

ism, to which I have myself directed attention, it becomes necessary to 

assume that there are at least three allotropie forms of cobalt, 
? an 

assumption wholly unsupported by any other and independent evi 

dence. On mature consideration I have therefore rejected this theory. 
The objection which I have urged against my own view, that it re 

quires us to consider cobalt as hexatomic, with the atomic weight 59, 

may be avoided by considering the metal as tetratomic, and regarding 
the two atoms as united by 6, 8, 10, or 12 atoms of ammonia, so that 

the general formula of a normal cobaltamine chloride will be ? 

Cl Cl 
! I 

Cl _ Co ? (nNH3) 
? Co ? Cl 

I I 
Cl Cl 

since n atoms of ammonia will always form a diatomic whole. The 

other objection, that the theory obliges us to assume the existence of 

several allotropie forms of cobalt, will, however, still remain. 

The view which I now adopt is in substance that of Blomstrand, 
which affords, as I think, the simplest and most satisfactory explana 
tion of the whole series of ammonia-metallic compounds at present 

known, and which, while not free from theoretic difficulties, is yet in 

harmony with all the facts. 

According to this view, two atoms of tetratomic cobalt are asso 

ciated to form a hexatomic molecule, the six units of affinity being, in 

all the cases at present known, in combination with four or six atoms 

of ammonia, regarded as a diatomic. Six units of affinity remain, and 

may be incompletely saturated by other atoms of ammonia or com 

pletely by chlordus elements or residues. Thus, on Blomstrand's view, 
the chlorides of purpureocobalt or roseocobalt and luteocobalt have 

respectively the formulas, 
? 
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Co2^ 

Cl 
NHo?NH8?Cl 

NH??NH 
? 

NH3 
NH??NH??NH3 

NH? 
Cl 

f NH3?Cl 
NH'?NIL?CI 

-Cl 

-Cl 
and Co, < 

-NH3?Cl 

N H3?NH ?NH3?Cl 
NH? NH,- NH- Cl 

NH?NH.?Cl 

NH,?Ci 

As I have adopted this view throughout, further illustrations will be 

unnecessary. The advantages of the theory are, I think, first that it 

regards cobalt as tetratomic, and reduces the whole series virtually to 

the type of Co203, or Co2Cl6, and secondly that it enables us to explain 
the different cases of isomerism without arbitrary assumptions as to 

the existence of allotropie forms of cobalt. Thus it is easy to see that 

there may well be a difference between compounds having respectively 
the symmetrical structural formulas, 

? 

I. Co, 

f NH3 
NH? 
NK 

-Cl 

-NH3 
-NHq 

-Cl 

-Cl 

NH3?NH? Cl 

NH,?NH??Cl 

NH'?Cl 
" 

II. Co, 

Cl 

NH3?NH??Cl 
NH??NH??NH,?Cl 

NH8 
NH3 
Cl 

-NH3 
-NHQ 

-NH3 
-Cl 

-Cl 

III. Co, 

Cl 
-Cl 

NH3?NH3?NH ?NH 

NH3 
NH3 
Cl 

-NH, 
-Cl 

? -NHo 

IV. Co9 

Cl 

NHl? Cl 

r ci 
Cl 
NH3?NH3?NH3?NH3?NH0?Cl 

I NH3?NH3?NH3?NH3?NH?? Cl 
Ci 
Cl 

and that supposing that the six units of affinity of Co2 are qualitatively 

exactly equal, the complex, Co2(NH3)10Cl6, admits of being arranged 

in a great variety of ways. Now since the salts of roseocobalt and pur 

pureocobalt resemble each other as regards the types to which they 

belong and as either of these types may be formulated in a great 

variety of ways, it becomes very difficult to determine which structural 

formula to adopt for the compounds of either series. 

Thus the salts of roseocobalt and of purpureocobalt, usually at least, 

belong either to the types RcX6 and PcXy, to RcX4Y2 and PcX4Y2, 
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or to RcX2Y2Z2. Now the salts of either of these types may be equally 
well referred to either of the structural formulas given above. To 

which of them are we to refer salts of roseocobalt, and to which salts of 

purpureocobalt ? 

Blomstrand gets over the difficulty in part by the short and easy 
method of declaring that chloride of roseocobalt is only the hy 
drate of chloride of purpureocobalt. I think I have shown con 

clusively that this view is wholly untenable. But, even if we admit its 

correctness, to which of the four structural formulas shall we 
assign 

chloride of purpureocobalt alone, since all four explain its relations to 

other chlorides, and its products of replacement equally well ? 

The case is the same with the other cobaltamines, though in these 

wre have no isomerisms to explain, in the present state of our 

knowledge at least. The dodecamin and octamin series exhibit the 

two types LcX6, OcX6, and LcX4Y2, OcX4Y2, with perfect distinctness ; 

but in addition we have in the case of the dodecamin series the type, 

LcX3Y8, as, for instance, in the phosphate described by Braun, 

Co2(NH3)12(P208)-)-80H2, and perhaps also in the pyrophosphate 

Co2(NH3)12P4013-|-60H2, though this salt may be referred to the type, 

LcX6, if we consider (P4013) 
as a hexatomic complex. Luteocobalt 

may therefore be saturated, if I may so speak, by ones as in LcClG, 

by twos as in Lc(S04)2I2, and by threes as in Lc(P04)2. It would 
seem as if we in this manner arrive most naturally at the structural 

formulas for the dodecamin series, 
? 

Co9 

a a?Cl 
a_a_Cl 

a?a?Cl 
a?a?Cl 

a?a?Cl 

a_a_Cl 

Co9 

Co9 

a?a?O 
a?a?O 
a?a?O 
a?a?O 

a?a?O 

a?a?O 

a 

PO 

PO 

a_ 
n>S02 a?a?O 2 

a?a?I 
a?a?I 

a?a?O^ 
-a -0 >S09 

in which the six ammonia groups have equal weights or qualitative 

values, so that the six units of affinity of Co2 must also be of the same 

kind and the same inten ity. But, if we examine the list of salts of 

roseocobalt which I have given, we find that Krok has described a 

salt with the formula, 
? 

Co3(NH3)10(NO8)8Cl3+3HgCl2 ; 
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and among the salts of purpureocobalt we find the formula, 
? 

Co2(NH3)10(NO3)3Cls+Co2(NH3)10(NO3)6. 

Roseocobalt and purpureocobalt may therefore also form compounds 
in which the six units of affinity are saturated by threes. Now since 

these salts contain only ten atoms of ammonia ; and since these can only 
be distributed in pairs of different structure, as in formulas L, IL, III., 

and IV., it follows that we cannot fairly draw the inference that in the 

dodecamin series the atoms of ammonia are arranged in six perfectly 

equivalent pairs. 
Blomstrand gives to chloride of xanthocobalt the structural for 

mula, 
? 

O?NO 
a ?a?Cl 

-Cl 

-Cl Co0 
-a? a 

-a? a 

-a?Cl 

-NO 

upon the ground that cobalt unites with O.NO in Fischer's salt 

Co2(N02)12K6 with peculiar energy. We seem in this way to gain 
a 

Ttov (TToo for this series ; and, if we admit the force of the argument, we 

must write the formula of chloride of roseocobalt, 
? 

Co, 

Cl 
a?a 
a?a 

a?a 

-Cl 
-a?Cl 
-a?Cl 

a_a_Cl 
Cl 

On the other hand it is a question whether the remarkable stability 

of Co2(N02)12K6 
can fairly be attributed to any special affinity of 

cobalt for N02. We have a complex whole, which we find remark 

ably stable ; but is not this stability the resultant ? so to speak 
? of 

the whole structure, just as the strength of an arch resides in the whole 

arrangement of its elements, and not in any single one ? The other 

cobalto-nitrites, as, for instance, Sadtler's salts, Co(N02)2-)-NaN02, 
and 

Co(N02)2-)-2NaN02, 
are not remarkably stable, but rather the re 

verse. The salts of xanthocobalt are easily decomposed, both by acids 

and alkalies. For these reasons it does not seem to me that Blom 

strand's arrangement of the atoms in these salts deserves any special 

preference at present. 

Blomstrand's views as to the constitution of the metal-ammonias 
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form part of a complete system to the exposition of which he has 

devoted a large work.* I must refer to this work for the arguments 
which he adduces in support of his theory, since no abstract can do 

them full justice. But I may be permitted here to notice one or two 

points of fundamental importance. 
Blomstrand begins with a discussion of the platinamines, our knowl 

edge of which has been so greatly increased by the splendid researches 

of Ci? v?. He assigns arbitrarily to the chloride of Reiset's first base 

the formula, 
? 

pt ?a-a-?? ( a?a?Cl 

When chlorine is passed into a solution of this salt, the chloride of 

Gros's base is formed, and Blomstrand attributes to it again arbitrarily 
the formula, 

? 

rci 
pt a-a-?? ) a?a?Cl 

I? 

He employs the same mode of formulation in the case of the chlorides 

of Reiset's second and Gerhardt's first base ; namely, 
? 

M-f ft^a~ci and Pt^ 
rci 

a?Cl 

a?Cl 

Cl 

I admit that it seems most natural to attribute to the formula of the 

?a?Cl, 
a?Cl 

chloride of Reiset's first base the symmetrical formula, Pt < 
a 

r a_a_a_ci 
instead of the unsymmetrical formula, Pt < 

_p, ; but even if 

we start from Pt < nl' 
as from a fixed point, how is it possible to 

i a?a?\ji 

say with certainty that under the action of chlorine there may not be 

a re-arrangement of the atoms of ammonia, so that we have for the 

chloride of Gros's base the structural formula, 
? 

Pt 

a?Cl 

a?Cl 
a?Cl 

a?Cl 

which has a higher degree of symmetry, or is, in other words, more 

homogeneous than Blomstrand's formula,? 

* Chemie der Jetztzeit. Heidelberg, 1869. 
vol. xi. (n. s. 11) 4 
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Cl 

pt i a-a~?! a?a?Cl 

Cl 

and which explains the formation of the different salts at least equally 
well? In this case, as in the cases of the platinamines generally, we 

have precisely the same difficulties which meet us in applying the 

theory to the cobaltamines. We reason throughout from perfectly ar 

bitrary fundamental assumptions. Our only fixed points are the atomi 

cities of platinum and cobalt. All else is purely speculative. In the 

present state of our knowledge we are not able to say whether a chain 

of atoms of ammonia, like ?NH3?NH3?NH3?, has more or less 

powerful affinities than the single divalent atom, ?NH3?, or even 

whether, ?NH3?Cl, is more or less chlorous than a single chlorine 

atom. But these points are of fundamental importance in the applica 
tion of the theory of atomicities to the metal-ammonias. Certainly 
the great majority of chemists maintain that there is a perfect equiva 
lence of value in the units of affinity of the different elements, while 

admitting that in complex molecules, as in the benzol ring, positional 
differences may result from peculiarities of structure. 

Blomstrand, on the other hand, maintains not merely that the four 

units of affinity in tetratomic platinum are qualitatively different two 

by two, but even that it is possible to determine in the case of which 

pair the most powerful affinities are exerted. Thus he asserts that 

if we write for platinum, 
? 

r 
o, 

a 

b 
d 

the two "points of attack," a and b, act differently from c and d. 

With logical consistency he extends this view to nitrogen, cobalt, and 

carbon, standing, so far at least as carbon is concerned, wholly alone, I 

believe, in opinion, the question of a difference between the four units 

of affinity in carbon having been long since discussed, and by common 

consent decided in favor of their perfect equivalence. 
While then I write the structural formulas of the chlorides of pur 

pureocobalt and of roseocobalt respectively : ? 

Pt^ 

Co9 

a?Cl 
a_a_Cl 

a?a?Cl 

a?a?Cl 

a?a?Cl 

a?Cl 

Chloride of purpureocobalt. 

-Cl 
a?Cl 

01 
a?a 

^ t a?a?a?Ul , o^tx 

a_a_Cl 

Cl 

Chloride of roseocobalt. 
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I expressly admit that the mode of formulation is in each case per 

fectly arbitrary. 
The more carefully I have studied the subject, the more full has 

become my conviction that in the present state of our knowledge we 

cannot assign absolutely definite structural formulas to the platina 
mines and cobaltamines upon Blomstrand's theory. While, therefore, 1 

adopt this theory, I do so because I think that with all its defects it 
is by far the simplest and most comprehensive yet proposed. But I 

regard the particular structural formulas which I have employed sim 

ply as convenient illustrations, 
? 

provisional formulas which the pro 

gress of science may at any time modify. 
In my forthcoming work on the metals of the platinum group, I 

shall describe a few other salts of the cobaltamines, which are chiefly 
of interest in connection with those metals ; and I hope also to show 

that some of the cobaltamines are valuable analytical reagents. In 

closing my labors, I wish again to direct the attention of chemists to 

the advantages offered by this class of salts in investigations. We 

have in croceocobalt, xanthocobalt, and luteocobalt, respectively, dia 

tomic, tetratomic, and hexatomic bases, possessing the important prop 

erty of forming extremely well-defined and highly crystalline salts. I 

suggest the employment of these bases as means of determining the 

atomicities of relatively chlorous molecules, as, for instance, of the poly 
meric modifications of phosphoric acid, and in other cases in which our 

knowledge is still imperfect. The cobaltamines themselves still form 

an extensive and most attractive field of labor. With all that has been 

done, there is no part of this field which will not yield an abundant 

harvest of interesting and theoretically valuable results. 

My grateful acknowledgments are due to my assistant, Mr. W. E. 

Cutter, who has aided me in the analytical part of my work with most 

patient and conscientious labor. 

Cambridge, June 8, 1875. 
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